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Preface 


Volume 60 consists of four chapters and a set of indices. 

In the first chapter, the chemistry of five-membered ring fluorinated 
heterocycles is covered by K. Burger, U. Wucherpfennig, and E. Brunner 
of the Technical University of Munich, Germany. Polyfluorohetero- 
aromatic compounds were last reviewed in Volume 28 of this series in 
1981. The chemistry of polyfluoroheterocycles with six-membered rings 
was covered by M. J. Silvester in Volume 59; the necessity of treating the 
subject in two different chapters is an indication of the increased impor¬ 
tance that polyfluoroheterocycles have attained over the past decade. 

Thiopyrylium, selenopyrylium, and telluropyrylium salts are reviewed 
by G. Doddi (Rome, Italy) and G. Ercolani (Catania, Italy). Whereas the 
chemistry of the analogous pyrylium salts was the subject of a special 
supplementary volume in our series in 1982, no exhaustive previous re¬ 
view of the other chalcogenopyrylium salts has been available. 

E. Alcalde of Barcelona, Spain, presents a review of the class of hetero¬ 
cyclic betaines in which the positive charge is located on a pyridinium ring 
and the negative charge on an azolium ring. A unified picture of what has 
been a somewhat neglected class of highly dipolar heterocycles is pre¬ 
sented. 

Finally, C. J. Easton, C. M. M. Hughes, G. P. Savage, and G. W. 
Simpson (Adelaide and Melbourne, Australia) review the cycloaddition 
reactions of nitrile oxides with alkenes. Although previous reviews of this 
subject have appeared, the synthetic potential of this reaction has recently 
been the object of intensive study. 

Volume 60 is an “index volume” and includes three indices. The author 
index and the title index cover the entire series since its inception, and list 
in alphabetical order the titles and authors of all the chapters that have 
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appeared. However, the subject index covers only Volumes 55 through 60. 
Volume 40 contained the cumulative subject index for Volumes 1-40; 
Volumes 41-45 were covered in Volume 45, and Volumes 46-53 in Vol¬ 
ume 53. Volume 54, as a monograph volume, contained its own subject 
index. 

Alan R. Katritzky 
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I. Overview 

Fluorine and/or perfluoroalkyl groups positioned strategically in target 
molecules may considerably modify chemical properties, biological activ¬ 
ity, and selectivity [76MI3; 79MI4; 81AG(E)647; 82MI1, 82MI2; 87MI4, 
87T3123;91MI2], A number of fluoro- and perfluoroalkyl-substituted phar¬ 
maceuticals, agrochemicals, dyes, and polymers have already been com¬ 
mercialized. The number of patents concerning fluorinated compounds 
shows a tendency to grow. Thus, one can anticipate that fluoro-containing 
compounds will continue to play a significant role in medicinal and agricul¬ 
tural chemistry as well as in material science (90JOC4448). 

The exchange of hydrogen by fluorine does not alter steric bulk much 
because of the similarity of the Van der Waals radii (H: 1.20 A, F: 1.35 
A) and may be regarded an isosteric substitution. The postulated quasi- 
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isosterism between CH, and CF 3 groups (72MII; 82T871; 87T3123) is 
still a controversial issue [92JFC(57)229], The Van der Waals radii of a 
trifluoromethyl group and of a methyl group are 2.7 A / 2 A, whereas the 
Van der Waals volumes are 42.6 A 3 / 16.8 A 3 [90AG(E)1320], The steric 
demand of a trifluoromethyl group seems to be close to that of an isopropyl 
group. 

It has been suggested that there should be little or no effect on bond 
length when a methyl group attached to a carbon atom is replaced by 
a trifluoromethyl group [83JFC(23)147], Therefore, this transformation 
should result in minimal disruption to an enzyme-substrate complex 
[90AG(E)1320], 

Important differences in chemical reactivity of fluorinated compounds 
are based on the difference in carbon—fluorine (456-486 kJ/mol) and 
carbon—hydrogen bond energy (356-435 kJ/mol); on the difference in 
electronegativity between fluorine and hydrogen (Pauling scale: 4/2.1), 
which can gradually alter and even invert reaction behavior of adjacent 
centers; and on the ability to participate in hydrogen bonding as an electron 
pair donor (87JA8067). 

With increasing fluorination the C—C bond length shortens and conse¬ 
quently the bond strength increases. This phenomenon is unique among 
halogens (75MI1). For example, the C—C bond in 1,1,1-trifluoroethane 
or hexafluoroethane is 59 or 42 kJ/mol more stable than that of ethane, 
respectively (73MI1; 75MI2). Therefore, introduction of trifluoromethyl 
groups stabilizes molecules. Other properties of the trifluoromethyl group 
include electronegativity similar to that of oxygen (65JPC3284) and high 
lipophilicity [lipophilicity scale (83MI2; 86JPS987): F < CF 3 < OCF 3 < 
SCF 3 ] enhancing the absorption rates of drugs, improving their transport 
rates in vivo, and helping to permeate certain body barriers. 

Fluorine introduced into biologically active molecules can block metab¬ 
olism. The high carbon—fluorine bond energy renders fluorine resistant 
to many metabolic transformations (91MI3). In this context 5-fluorouracil 
is a typical example: It inhibits the enzyme thymidylate synthase, which 
catalyzes methylation of deoxyuridylate to provide deoxythymidylate 
(72MI2), an essential component for DNA synthesis. 5-Fluorouracil can 
still be transformed into 5-fluorouridylate (and hence is incorporated into 
RNA) and is accepted as enzyme substrate. The difference in C—H/ 
C—F bond energy, however, renders C-methylation at the 5-position 
impossible. This makes 5-fluorouracil and its analogues efficient cytotoxic 
agents. 

Since an increasing number of enzymes have been characterized in 
terms of their three-dimensional structure, and since the mechanisms by 
which reactions occur at their active sites have been elucidated, it should 
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be possible to make a rational design of mechanism-based fluorinated 
drugs. 


A. Reactivity of Fluorine and Trifluoromethyl Groups 

The high carbon-fluorine bond energy renders the fluorine substituent 
a bad leaving group in S N 2 reactions and resistant to many metabolic 
transformations. By contrast, in addition-elimination processes fluorine 
shows superior leaving group ability relative to hydrogen and the other 
halogens. These properties have led to the development of very effective 
mechanism-based enzyme inhibitors (68M11; 73M12; 76M14; 83MI1; 
85MI1; 88MI1; 90M13). 

Although the trifluoromethyl group is often considered to be chemically 
inert (53JA4091,53JCS922), it is known to undergo a variety of reactions. 
The hydrolytic behavior of a trifluoromethyl group is very much dependent 
on its position in a molecule. Trifluoromethyl groups of aromatic com¬ 
pounds undergo hydrolysis, but only in acidic media (47MI1). Trifluoro¬ 
methyl groups attached to carbon atoms possessing acidic hydrogen atoms 
are susceptible to hydrolysis in basic media (88S614). For this reason 
3,3,3-trifluoroaIanine is unstable in basic medium at room temperature. 
The trifluoromethyl group undergoes hydrolysis to give a carboxylate 
(66CB1944). Trifluoromethyl groups attached to certain positions of het¬ 
erocyclic systems undergo facile base-induced hydrolysis, e.g., the triflu¬ 
oromethyl group in 2-trifluoromethylimidazole (79JOC2902; 80JOC3831) 
(Scheme 1). 

Via a similar reaction sequence, consisting of a series of successive 
elimination/addition steps, 5-amino-4-trifluoromethyloxazoles can be 
transformed into 5-amino-4-methyloxazoles on treatment with LiAlH 4 
(90S357). The ability to eliminate fluoride ions from trifluoromethyl and 
perfluoroalkyl groups on treatment with bases allows in situ generation of 
valuable synthetic fluoro-containing building blocks (88S614; 90JOC4777). 



^-CFjOH - t£ —- ^-CF:Q - H 2 °' ^ ^^-CO,H 


Scheme 
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B. Strategies for the Introduction of Fluorine and 
Perfluoroalkyl Groups into Organic Molecules 

There are two fundamentally different strategies by which fluorine and/ 
or perfluoroalkyl (or polyfluoroalkyl) groups can be introduced into target 
molecules: ( a ) Direct introduction—by direct substitution of hydrogen by 
fluorine and perfluoroalkyl groups in a late step of the reaction sequence 
or by functional group transformations in a late step of the reaction se¬ 
quence; and ( b ) introduction of fluorine and perfluoroalkyl groups by 
application of fluorine-containing building blocks, derived from readily 
available starting materials. 

Although the first approach is more straightforward, provided that suit¬ 
able fluorinating and perfluoroalkylating reagents are available, control of 
regio- and stereoselectivity is often difficult to achieve. Because of the 
high reactivity of most fluorinating agents, many functional groups already 
present in the molecule also may be transformed in an undesired way. 
Therefore, they have to be appropriately protected. Protection and depro¬ 
tection of these groups require additional reaction steps. Furthermore, 
many of the reagents currently used for direct introduction of fluorine 
and perfluoroalkyl groups are expensive, toxic, corrosive, and sometimes 
explosive. 

Consequently, the building block strategy (78T3; 81 MI 1) for introduc¬ 
tion of fluorine and perfluoroalkyl groups into organic molecules repre¬ 
sents an attractive alternative concept. The method is often synthetically 
more elegant and allows one to introduce fluorine and perfluoroalkyl 
groups in a regio- and stereoselective manner into a target molecule. 

Since partially fluorinated heterocyclic compounds are important in 
both academia and industry the synthetic state of the art has been reviewed 
regularly (74MI1; 76MI2; 77MI1; 81AHC1; 91MI1). 


II. Direct Introduction 

A. Introduction of Fluorine into 
Five-Membered Heterocycles 

1. Radical HIF Substitution 

Introduction of fluorine into heterocyclic systems can be achieved using 
molecular fluorine. However, direct fluorination is known to be notori¬ 
ously regio- and stereo-unselective. Extensive work is still going on to 
overcome these problems (79MI3; 86CRV997; 89MI1). In special cases 
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Scheme 2 


selective fluorination can be achieved under certain reaction conditions 
[86BAU1901; 89JFC(45)99], 

2. Fluorination!Dehydrofluorination 

Fluorination/dehydrofluorination is the classical route to perfluoroaro- 
matics. However, yields are low, when this method is applied to nitrogen- 
containing aromatic systems. In contrast, fluorinated furans 
[69JCS(C)2585; 70JCS(C)2146] and thiophenes [69CC27; 71JCS(C)346, 
71JCS(C)352] can be synthesized in good yields on reaction with high- 
valency metal fluorides (HVMF) (60MI1) and subsequent dehydrofluori¬ 
nation (Scheme 2). 

This route is especially valuable for the transformation of electron-rich 
heteroaromatic compounds into their fluorinated analogues, which are 
not suitable for the nucleophilic exchange route. The method has been 
extended by addition of fluorinated olefins. The fluoroolefins add in a 
radical process to the 2-position of tetrahydrofuran, followed by perfluori- 
nation to give the perfluorinated 2-alkyl-substituted tetrahydrofurans in 
excellent yields [84JFC(25)523; 85JFC(29)323] (Scheme 3). 

3. Electrochemical Fluorination 

This fluorination technique is difficult to employ for selective fluorina¬ 
tion and gives high yields only for poly- and perfluorinated compounds 
[67MI1; 79CJC2617; 87CL1435; 88JFC(39)435; 89T1423; 90JFC(48)257; 
91T549], 


o-« 


^\-cf 2 cf 2 cf 3 


o 


CFjCF-CF, 


Scheme 3 
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TsO "y \ C0 2 Me *F . /\>C0 2 Me 

80 “C, 14h 

Z Z 

Scheme 4 

4. Nucleophilic Displacement Reactions 

Introduction of fluorine into organic molecules via nucleophilic displace¬ 
ment reactions remains problematic since the fluoride ion often behaves as 
a base rather than as a nucleophile (73MI2, 80CRV429). Halogen exchange 
reactions are of major importance in the synthesis of fluorinated heteroaro¬ 
matic compounds, where the activating influence of the nitrogen ring atom 
strongly affects the rate of the nucleophilic displacement process. 

Crown ethers have been used to enhance nucleophilic activity of metal 
fluorides (85JHC1621; 86T2677). Halogen exchange reactions are also 
possible with hydrogen fluoride (79GEP2729762) and antimony fluoride 
(90JA9671). cis- and fraw.s-4-fluoro-L-proline derivatives have been synthe¬ 
sized from the corresponding trims- and m-O-tosylated 4-hydroxy-L- 
prolines on treatment with potassium fluoride [65B(4)2507]. Many other 
functional groups are susceptible to replacement by fluoride ions 
[81 AG(E)647; 92CRV505] (Scheme 4). 

5. Electrophilic Fluorination Reactions 

Although fluorine mostly reacts as a radical species, under certain condi¬ 
tions it can also act as an electrophile. Some cases of a direct fluorination 
of electron-rich C—H bonds have been described (80NJC239; 84TL449; 
87JOC2769; 88JOC2803). 

The first electrophilic fluorinating agents containing O—F bonds were 
gaseous, hygroscopic, toxic, and often explosive. Examples include 
trifluoromethyl hypofluorite (CF 3 OF: 78MI1), which was applied to con¬ 
vert cytosine into 5-fluorocytosine (76JA7381); trifluoroacetyl hypofluorite 
(CFjCOOF), which was used to fluorinate pentafuranoses (87MI5); and 
cesium fluorooxy sulfate (CsS0 4 F: 84MI8) (Scheme 5). 



Scheme 5 
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Scheme 6 

In recent years a second generation of reagents for electrophilic fluori- 
nation has been developed. These reagents contain N—F bonds. They 
are more stable, easier to handle, and often more selective. These reagents 
could be useful in the synthesis of bioactive molecules where selectivity 
and mild reaction conditions are essential. 

This new class of reagents includes N-fluoroperfluoropiperidine; 
dihydro-N-fluoro-2-pyridone; AMIuoro-iV-alkyl sulfonamides; N-fluo- 
ropyridinium salts (90JA8563); iV-fluoroquinuclidinium salts [86JFC- 
(32)461]; N-fluoroperfluoroalkyl sulfonamides; l-alkyl-4-fluoro-l,4-diazo- 
niabicyclo[2.2.2]octane salts (Selectfluor; 92CRV505); and (V-fluoro- 
bis(trifluoromethyl)sulfonylimide [92JFC(58)361], which was used to 
transform some pharmacologically active compounds into their fluorinated 
analogues. N-Fluorosultams have been used to achieve enantioselective 
fluorination (88TL6087). Their synthetic potential for selective fluorination 
of heterocyclic compounds has not been exploited (Scheme 6). 

6. Balz-Schiemann Reaction 

Regioselectively fluorinated heteroaromatic compounds can be obtained 
on transformation of amino groups using the classical Balz-Schiemann 
reaction (65MI1; 71JA3060) or modified routes. When a solution of suit¬ 
ably protected 2-amino- and 4-amino-DL-histidines in 50% fluoroboric 
acid are treated with sodium nitrite and subsequently photolyzed, the 
2-fluoro- and 4-fluoro-DL-histidine derivatives are obtained (73JA4619, 
73JA8389) (Scheme 7). 

7. Transformation of Hydroxy and Carbonyl Groups into CF 
and CF 2 Moieties 


Diethylaminosulfur trifluoride (DAST) has become one of the most 
important fluorinating agents (75JOC574,75JOU72; 76JOU973; 870R513). 
It is mainly used to transform alcohols, aldehydes, or ketones into mono- 
or difluorinated compounds. It has been used successfully in sugar, nucleo- 
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Scheme 8 


side (85TL3, 85TL5; 88CPB1554, 88JCS(P1)549; 89CC955), and amino 
acid chemistry [93JFC(60)179, 93JFC(60)193]. Fluorination of alcohols 
occurs with inversion of configuration (Scheme 8). 

a-fluorination of heterocyclic sulfoxides with DAST has been accom¬ 
plished in the presence of antimony trichloride (88TL5729). 

8. Displacement Reactions of Metallated Fragments 

The reaction of metallated heterocyclic species with elemental fluorine 
enables regioselective fluorination at low temperatures (86BSF930). This 
strategy seems promising. However, the synthetic potential has not been 
fully exploited (Scheme 9). 

B. Introduction of Polyfluoroalkyl 
and Perfluoroalkyl Groups into 
Five-Membered Heterocycles 

The trifluoromethyl group is the most prominent fluorinated side chain. 
An excellent review on all aspects of the introduction of the trifluoromethyl 
group into organic compounds is available (92T6555). The trifluoromethyl 
group can be introduced as radical, nucleophilic and electrophilic species 
as well as by functional group transformations. 

1. Introduction of Trifluoromethyl Groups as Radical Species 

The trifluoromethyl radical is electrophilic in nature (61JA4732) and may 
be generated from precursors photochemically, thermally, by chemical 
reactions, and electrochemically (92T6555). A large number of precursors 



Scheme 9 



10 KLAUS BURGER et al. [Sec. II.B 



CFjJ (24 X) 

T«(CFj)j (24 X) 

Sb(CFj)j (12 X) 

Scheme 10 

are available for photochemical generation of trifluoromethyl radicals: 
iodotrifluoromethane (78CPB1247; 82JOC2867; 83JOC3220; 84JOC1060; 
91BCJ2255), bromotrifluoromethane (88BCJ3531), JV-trifluoromethyl-iV- 
nitrososulfonamides (82TL3929; 86BCJ447), diazotrifluoromethane, bis- 
(trifluoromethyi)mercury, tris(trifluoromethyl)antimony, and bis(trifluoro- 
methyl)tellurium [90JFC(46)265] (Scheme 10). 

Bis(trifluoromethyl)tellurium and trifluoromethyliodide have been 
shown to be suitable trifluoromethylation reagents for furan [90JFC- 
(46)265]. 

Trifluoromethyl radicals have been generated thermally from bis- 
(trifluoromethyl)tellurium [90JFC(46)265], iodotrifluoromethane [81JFC- 
(17)345], bromotrifluoromethane, hexafluoroacetone, or N-trifluoromethyl- 
N-nitrosotrifluoromethylsulfonamide. 

Trifluoromethyl radicals were generated electrochemically from solu¬ 
tions of partially neutralized trifluoroacetic acid (79CJC2617; 91T549) or 
bromotrifluoromethane (89T1423) and chemically from the reaction of 
trifluoromethyl bromide with zinc / sulfur dioxide, sodium dithionite 
[90JCS(P1)2293], or xenon difluoride with trifluoroacetic acid 
(88JOC4582); from bis(trifluoromethyl)peroxide [86BCJ215; 88BCJ3549; 
89JCS(P1)909; 90JFC(46)423; 92JFC(58)173]; and from sodium trifluoro- 
methane sulfinate (91TL7525). Some of the radical trifluoromethylations 
of five-membered heterocycles studied so far show a remarkable degree 
of regioselectivity (Scheme 11). 



R R 


R = Me i) = CFjBr, hi/ 6.5 X 

CFyJ. hi/ 35 % 

CFjBr, Zn, S0 2 52 X 

R = Bn i) = CFjJ. hi/ 60 % 

R = H i) = CFjJ. hi/ 33 X 

(CFjCO)jO 56 X 


Scheme 11 
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Scheme 12 


Imidazole and /V-acyl histidine esters undergo facile photochemical per- 
fluoroalkylation on treatment with perfluoroalkyl iodides at room tempera¬ 
ture (82JOC2867; 84JOC1060). The imidazole ring of the tripeptide 
Pyr-His-Pro-NH 2 was preferentially trifluoromethylated in a photochem¬ 
ical reaction with trifluoromethyl iodide, yielding both isomers, namely 
the 2- and the 4-trifluoromethylated compounds, in a total yield of 20% 
(90TL5705). Perfluoroalkyl radicals formed on treatment of perfluoroalkyl 
iodides with magnesium in dimethylformamide can be trapped by pyrrole, 
providing 2-perfluoroalkylpyrroles [88JFC(39)289] (Scheme 12). 

2. Transformation of Trichloromethyl Groups into 
Trifluoromethyl Groups 

Trichloromethyl groups can be readily transformed into trifluoromethyl 
groups on treatment with antimony trifluoride (61MI1), with HF either on 
its own or in the presence of antimony trifluoride, aluminum trichloride / 
fluorotrichloromethane, or silver tetrafluoroborate. 

3. Transformation of Carboxylic Groups into 
Trifluoromethyl Groups 

Sulfur tetrafluoride [740R1; 75JOU456; 81JFC(17) 179; 850R319; 
87JFC(37)429; 90JA9671; 91JHC225] as well as DAST in the presence of 
sodium fluoride (870R513) are capable of converting carboxylic groups 
into trifluoromethyl groups. Many other functional groups already present 
in the molecule have to be appropriately protected, otherwise they undergo 
undesired transformations. Trifluoromethyl-substituted thiophenes have 
been prepared via this route [90JFC(46)445] (Scheme 13). 
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Scheme 14 


4. Introduction of Trifluoromethyl Groups via 
Trifluoromethyl Copper 

Trifluoroalkyl iodides react with aromatic and heteroaromatic halides 
in the presence of copper to give perfluoroalkyl-substituted compounds 
[68USP3408411; 69T5921; 77CPB3009; 80JCS(P1)661, 80JCS(P1)2755; 
90J FC(46) 137]. The reactive species in this reaction was shown to be 
CuCFj (86JA832; 89CC1633; 92T189) (Scheme 14). 

The nucleophilic nature of this reagent is confirmed by the p-value +0.46 
obtained from the crude Hammett plot of the reaction of p-substituted 
iodoaromatics with the trifluoromethylating system sodium trifluoroacet- 
ate / copper iodide [88JCS(P1)921]. Consequently, electron-withdrawing 
substituents enhance reactivity, whereas electron-donating substituents 
(—OH, —NH 2 ) inhibit the reaction. 

From the coupling reaction of halothiophenes with perfluoroalkyl io¬ 
dides and copper a mixture of 3- and 2-perfluoroalklylated thiophenes 
is obtained; the 3-substituted product being the major isomer [85JFC- 
(27)291] (Scheme 15). 

Likewise, 2-perfluoroalkyl-substituted pyrroles were obtained on reac¬ 
tion of perfluoroalkyl iodides and pyrroles in the presence of stoichiometric 
amounts of copper (87M13). Polytrifluoromethylation can be achieved by 
the same methodology with polyiodinated aryl and heteroaryl compounds 
(92T189) (Scheme 16). 



R f = CF3, n—C 4 F9, n—CaFf7 


Scheme 15 
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CFjCu 


Scheme 16 



5. Electrophilic Trifluoromethylation 

(Trifluoromethyl)diarylsulfonium salts (84JOU103) as well as (trifluor- 
omethyl)dibenzothiophenium salts and their seleno analogues are con¬ 
venient, easy to handle reagents for the electrophilic transfer of triflu- 
oromethyl groups. They can trifluoromethylate electron-rich systems 
(90TL3579). They represent reagents with an immense preparative poten¬ 
tial for trifluoromethylation of electron-rich heteroaromatic systems, 
which has not been developed. Trifluoromethyl cations have been gener¬ 
ated in the gas phase on “Co -y-irradiation of tetrafluoromethane. They 
react with pyrrole, furan, and thiophene regiounspecifically to give triflu- 
oromethylated compounds (91JA4544). 


C. Introduction of Trifluoromethoxy and 
Trifluoromethylthio Groups 

The trifluoromethoxy and the trifluoromethylthio group are highly lipo¬ 
philic substituents (91CC993). Therefore, their introduction into biologi¬ 
cally active compounds is of current interest. 

Incorporation of the trifluoromethyl thiol moiety into heterocyclic sys¬ 
tems may be achieved by several methods (92T6633). Trifluoromethylthio- 
lation of heteroaromatic compounds with trifluoromethansulfenyl chloride 
occurs via a free radical chain mechanism (77CB67) (Scheme 17). 

Trifluoromethylthio-substituted heteroaromatic systems are available 
by a multistep procedure, namely photochlorination of the corresponding 
methyl thioether and subsequent halogen exchange on treatment with 
antimony trifluoride (52ZOB2216; 54ZOB887) (Scheme 18). 



(81 *) (7 X) 


Scheme 17 
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CI3C-S-R 
Scheme 18 


III. Introduction of Fluorine and Perfluoroalkyl 
Groups into Five-Membered Heterocycles via 
Cyclocondensation Reactions 

Cyclocondensation reactions starting from two components are possible 
only when both have two reactive centers. By far the most common 
version is an initial electrophilic/nucleophilic interaction yielding a linear 
product, followed by a second electrophilic/nucleophilic interaction in 
the final cyclization step (85M12). The ring-forming condensation step is 
controlled by a series of rules (Baldwin rules: 76CC734). There are various 
types of such interactions (Scheme 19). 

The distance between the two reactive centers in each component 
is given by numbering the skeleton atoms; e.g., 1,3 nn represents a 1,3- 
dinucleophilic compound. (For further details of this classification see 
85M12.) Based on this concept, for instance, bis(trifluoromethyl)-substi- 
tuted hetero-1,3-dienes (F 3 C) 2 C=N—C(R)=X (X = O, S, NR') formally 
should be able to undergo three types of condensation reactions to give 
five-membered ring systems, classified by the number of the skeleton 
atoms of the hetero-1,3-diene being incorporated into the newly formed 
ring system (Scheme 20). 

Furthermore, heterocyclic ring systems can also be constructed by 
intramolecular radical, carbene, and nitrene reactions. Condensation reac¬ 
tions provide routes to heterocyclic systems with a well-defined substitu¬ 
tion pattern. Since many fluoro-containing building blocks (91MI5) with 
suitable additional functional groups for cyclocondensation reactions are 
readily available, fluorine or/and polyfluorinated substituents can be intro¬ 
duced into five-membered heterocycles regioselectively, via one or both 
starting compounds. Cyclocondensation reactions can be divided into 
several subgroups, according to the charge pattern of the starting materials 
and the number of skeleton atoms incorporated into the newly formed 
ring system. 
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(1,4 n,e) (1.1 n.e) (1,3 e.e) (1,2 ryi) (1,2 n,e) (1.3 n,«) 

Scheme 20 


A. [3 + 2] Cyclocondensation Reactions 

1. Condensation Reactions of Fluoro-containing 

1,3-Dielectrophilic with 1,2-Dinucleophilic Building Blocks 

A large number of fluoro-containing [ 1,3-electrophilic/electrophilic (ee)] 
building blocks are known. Partially fluorinated pentan-2,4-diones 
[86S340; 87JHC739; 91JFC(51)283]; a-fluoro-/3-ketoesters (81BCJ3221; 
91S1013); methyl 2-cyano-2-fluoroacetate (89UKZ420); 2-trifluoroacetyl- 
vinylether, -vinylthioether, -vinylamines (87JHC739; 92H791); 4,4-bis- 
(trifluoromethyl)-l ,3-diazabuta-l ,3-dienes (88CZ109); 3-perfluoroalkyl 
propiolates [90JFC(48)123]; 3-perfluoroalkylpropiolo- and acrylonitriles 
[81JOU219; 87JFC(37)371]; alkynyl trifluoromethyl ketones; l,l-bis(per- 
fluoroalkyl)-substituted olefins (90BAU2338); 2-fluoro-2-perfluoroalkyl 
enol phosphates (88CL819), etc., react with (1,2 nn) building blocks, like 
hydrazines and hydroxylamines, to give pyrazoles and isoxazoles, respec¬ 
tively (Scheme 21). 

The cycloadducts obtained often undergo elimination reactions with 
heteroaromatization under the reaction conditions or on heating as demon¬ 
strated by the transformation of bis(trifluoromethyl)-substituted 1,2,4- 
triazolines into 5-trifluoromethyl-1,2,4-triazoles in the presence of azobisi- 
sobutyronitrile (AIBN) (88CZ109) (Scheme 22). 




R ( -C;C-COjR + HjN-NH-R 

R 





Scheme 21 
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CF, 

, , N =< 

R'-4j ^N-R 3 

Scheme 22 

The reaction of l,l-bis(trifluoromethyl)-2-fluoro olefins with (1,2 nn) 
compounds is of preparative and mechanistic interest, because a priori 
this type of olefin does not represent a 1,3-dielectrophilic species. The 
second electrophilic center is generated during the reaction (Scheme 23). 

The anion formed on nucleophilic attack of the hydrazine stabilizes 
by fluoride and subsequent HF elimination to give an a,/8-unsaturated 
hydrazone, which undergoes an electrocyclic ring closure with HF elimina¬ 
tion to yield 5-fluoro-4-trifluoromethylpyrazoles. The single fluorine 
bonded to C(5) can be exchanged by a wide variety of nucleophiles 
(88S194; 90BAU2338). 

Aromatic compounds susceptible to nucleophilic substitution reactions 
having substituents with an electrophilic center adjacent to the position 
of nucleophilic attack, e.g., N,N-dimethyl-2,4-bis(trifluoroacetyl)-l- 
naphthylamine, also are (1,3 ee) building blocks. They react with 
FjC R’ 

)=< + H,N - NH - R 2 

f 3 c r 



R 2 



Scheme 24 
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H 2 N-CH 2 -C0 2 Et 
EtjN. EtOH, 20 °C 


Scheme 25 



(1,2 nn) species, like ethyl thioglycolate, benzylmercaptan (92H103), 
amino acid esters (89S550), hydrazines, and hydroxyl amines (90S481), 
to yield trifluoromethyl-substituted naphthothiophenes, benzindoles, ben- 
zindazoles, and naphthoisoxazoles, respectively (Scheme 24). 

2,6-Difluorobenzonitrile and methylthioglycolate cyclize to give 4- 
fluorobenzo[£]thiophene [91J FC(54) 104]. The reaction of trifluoromethyl- 
substituted 2,4-dinitrochloro- and 2,6-dinitrochlorobenzene with alkyl thi- 
oglycolates and amino acid esters at room temperature in the presence 
of triethylamine follows the same mechanistic concept to yield triflu¬ 
oromethyl-substituted benzothiazole and benzimidazole derivatives 
[88JFC(38)327] (Scheme 25). 

2. Condensation Reactions of 1,3-Dinucleophiles with Fluoro- 
containing 1,2-Dielectrophilic Building Blocks 

Widely used 1,3-dinucleophiles are thioamides, thioureas, and amidines. 
With l-bromo-3,3,3-trifluoro-2-propanones [55JOC499, 55USP2726237; 
88IJC(B) 1051; 91JHC907, 91JHC1017, 91MI4], ethyl 2-bromo-4,4,4- 
trifluoro-3-oxobutanoate (91JHC907), and ethyl 2-chloro-4,4,4-trifluoro- 
3-oxobutanoate (85JHC1621; 91JHC1003) they are transformed to give 
trifluoromethyl-substituted thiazoles and imidazoles (Scheme 26). 

Acetylacetone and alkyl acetoacetates, both (1,3 nn) species, and per- 
fluorobut-2-ene, a masked (1,2 ee) compound, react in the presence of 
sodium hydride at room temperature to give 2,3-bis(trifluoromethyl)furans 
[83JCS(P1) 1239] (Scheme 27). 


F 3 CCCH 2 -Br 
EtOH, AT, 2-17h" 

Scheme 26 


FjC 






R = COMe, C0 2 Et 


Scheme 27 
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Scheme 28 

Similarly, trifluoropyruvates and related a-iminoesters represent 1,2- 
dielectrophilic building blocks. With anilines and phenols they undergo 
C-aklylation in an o-position followed by ring closure to form -y-lactams 
and 7 -lactones (86BAUI895; 87BAU2332, 87BAU2646; 89BAU1512) 
(Scheme 28). 

Fluoro-substituted annulated five-membered heterocycles are available 
via stepwise nucleophilic displacement reactions of perfluorinated or 
polyfluorinated aromatic compounds by 1,3-dinucleophiles. On reaction 
of hexafluorobenzene with the sodium salt of ethyl acetoacetate 
the 3-ethoxycarbonyl-2-methylcumarone is formed [64DOK( 158)926; 
69KGS778] (Scheme 29). 

Based on the same mechanistic concept, syntheses of perfluoro- 
benzo[b]thiophenes and partially fluorinated indoles are described 
[67JCS(C)865, 67JCS(C)869, 67JCS(C)1189; 68JCS(C)1225, 68TL4049]. 

3. Condensation Reactions of Fluoro-containing 1,3-Nucleo- 
phiiiclElectrophilic with 1,2-Nucleophilicl Electrophilic 
Building Blocks 

2-Amino-4,4,4-trifluoroacetylacetates represent three atomic building 
blocks having a nucleophilic and an electrophilic center in a 1,3-position. 
They readily react with (1,2 ne) compounds like CC, CO, CN double 




Scheme 29 
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F 3 C o Et0 ’<? 1) NcN0 2 

J + 2) Zn/H+ 

BnOjC 0 

Scheme 30 

bonds and CC, CN triple bonds to provide five-membered heterocy¬ 
clic ring systems. On reaction with diethyl acetone-1,3-dicarboxylate, 3- 
trifluoromethylpyrroles are formed (83BRP2107304) (Scheme 30). 

Perfluorothiophenol and acetylene react at 600°C to yield tetrafluoro- 
benzo[6]thiophene (89JOU20I). Similarly, 2,3,4,5,6-pentafluoro-l- 
thionaphtholate and dimethyl acetylene dicarboxylate give fluorinated 
naphtho[6]thiophenes [89JFC(43)393]. 

4. Condensation Reactions of 1,3-NucleophilidElectrophilic 
with Fluoro-containing 1,2-NucleophiliclElectrophilic 
Building Blocks 



Since many fluoro-containing (1,2 ne) building blocks with CC, CO, 
and CN double bonds are readily available, this type of cyclocondensation 
reaction is extremely flexible and includes the elegant tosylmethyl isocya¬ 
nide (TOSM1C) strategy for synthesis of five-membered heterocycles 
[74AG(E)789; 76TL285; 77AG(E)339, 77JA3532; 80M11], 


p-Tol -SO, -CH, - N = C 

Scheme 31 



Tosylmethyl isocyanide can react i.a. with fluoro- and perfluoroalkyl- 
substituted olefins, e.g., tert-butyl (E)-4,4,4-trifluoro-2-butenoate 
[91 JFC(53)6I] and /3-perfluoroalkyl-substituted a,/3-unsaturated ketones 
(88CL189I) to provide 3-trifluoromethylpyrroles. The latter are also acces¬ 
sible from isocyanoacetates and 3-nitro-2-hydroxy-I,l,l-trifluoroalkanes, 
which in situ are transformed into olefins on treatment with acetic anhy- 
dride/DBU (89BCJ3386) (Scheme 31). 


F 

)=N-CH,Ph 

F 3 C 



CH 2 Ph 


Scheme 32 
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N = C - CH — NHj + CF 3 C0CH 2 C0 2 Et 

Ph 

Scheme 33 

Trifluoroacetonitrile (62JOC2085, 62JOC3248), trifluoroacetimidoyl 
chlorides (90TL2717), and trifluoroacetimidoyl fluorides (66JOC789) react 
with sodium azide or alkyl azides to give 5-trifluoromethyltetrazoles 
(Scheme 32). 

Trifluoromethyl-substituted aminopyrrole derivatives of pharmaceutical 
significance have been synthesized from a-aminonitriles and ethyl 4,4,4- 
trifluoroacetoacetate (73USP4198502; 74USP4212806) (Scheme 33). 

Hexafluoroacetone was shown to be an extremely versatile (1,2 ne) 
building block for the introduction of a geminal pair of trifluoromethyl 
groups as well as a single trifluoromethyl group into five-membered hetero¬ 
cyclic systems (87MI2). 

Cyanoformamidines having both nucleophilic and electrophilic capacity 
in a 1,3-position react with hexafluoroacetone to give five-membered 
heterocycles (86CB2127). Hexafluoroacetone, certain perfluorinated or 
partially fluorinated ketones, aldehydes, and imines react with a-func- 
tionalized carboxylic acids, a-amino, a-iV-aklylamino, a-N-arylamino 
(60JA2288; 66CB1461), a-hydroxy (66CB2880), and a-mercapto acids 
[87JFC(35)87] to give five-membered heterocyclic systems (Scheme 34). 

The hexafluoroacetone derivatives are highly volatile compounds. They 
can therefore be used for gas chromatographic analysis of mixtures of a- 
amino and a-hydroxy acids. As activated esters they can be employed 
for the synthesis of small peptides, azapeptides, and depsipeptides. 
Applying this strategy to cu-carboxy-a-amino acids, a preparatively simple 
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regioselective carboxyl group activation is possible (91CZ77). The effi¬ 
ciency of this method was demonstrated by a two-step synthesis of aspar¬ 
tame (90CZ249). Protection of the a-amino group and activation of the a- 
carboxylic group is accomplished in only one step. Deprotection of the 
a-amino group occurs during aminolysis (Scheme 35). 

Furthermore, these five-membered heterocycles show promising poten¬ 
tial for the synthesis of various natural and nonnatural a-amino, a- 
hydroxy, and a-mercapto acids. Multifunctional a-amino acids can be 
selectively protected at the a-position, whereas other functionalities re¬ 
main unprotected and can be derivatized further. Applying this strategy 
to aspartic acid, new preparatively simple stereoconservative routes lead 
to heterocyclic amino acids (92S1145), antibiotics like 5-hydroxy-4- 
oxonorvalin (HON, 92S1150), 5-substituted 4-ketoprolines [93AG(E)285; 
93TL5879] and 4-fluoro- and 4,4-difluoro-prolines. Deblocking of the 
amino and the carboxyl group is achieved in one step on treatment with 
water/isopropanol at room temperature (Scheme 36). 

2,2-Bis(trifluoromethy))-4-methyl-2//-5-oxazolone, readily available 
from 2,2-bis(trifluoromethyl)-l,3-oxazolidin-5-one, represents an acti¬ 
vated pyruvate (79LA1547) (Scheme 37). 



RCH(NH ; )C0 2 Me , ^Y^tf^**** 


Scheme 37 
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5. Condensation Reactions of Fluoro-containing 1,3-Dielec- 
trophilic with Fluoro-containing 1,2-Dinucleophilic 
Building Blocks 

Well-defined substitution patterns in the target molecules can be con¬ 
structed by a combination of fluorine-free or fluoro-substituted (1,3 ee) 
components with fluorine-free and fluoro-substituted ( 1,2 nn) compounds. 
A representative example for the introduction of fluorine and fluoro-substi¬ 
tuted groups into five-membered heterocycles via both educts is the reac¬ 
tion of fluoro-substituted chalcones and pentafluorophenyl hydrazine 
(88JIC773). 

6. Condensation Reactions of Fluoro-containing 1,3-Nucleo- 
philiclElectrophilic with Fluoro-containing 1,2-Nucleo- 
philic I Electrophilic Building Blocks 

Polyfluorinated target molecules are obtained when both building blocks 
are fluorinated and/or perfluoroalkylated. A typical example for this type 
of condensation is the synthesis of a tris(trifluoromethyl)-substituted 1,3,4- 
triazole from 3,5-bis(trifluoromethyl)benzhydrazide and trifluoroaceta- 
midine (78BRP1510647). 

B. [4+1] Cyclocondensation Reactions 

1. Cyclocondensation Reactions of Fluoro-containing 

1,4-Dielectrophilic with 1,1-Dinucleophilic Building Blocks 

1,4-Dielectrophilic species are 1,4-diketones, certain 1,3-dienes, a,/ 3 - 
unsaturated isocyanates, isothiocyanates, cyanates, and thiocyanates 
bearing electron-withdrawing (e.g., polyfluorinated and perfluorinated) 
substituents; the most frequently used 1 , 1 -dinucleophiles are water, po¬ 
tassium sulfide, primary amines, and ammonia. From this repertoire 
of building blocks many combinations are possible. Tetrakis(trifluoro- 
methyl)furans, thiophenes, and pyrroles have been synthesized from per- 
fluoro-3,4-dimethylhexa-2,4-diene on addition of water, potassium sulfide, 
or aniline (90CCI127) (Scheme 39). 



F,C F 3 C 


Scheme 38 
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Perfluoro-2-methyl-3-thiocyanato-2-pentene reacts with ammonia to 
give a mixture of 2,4-diaminoperfluoro-4-methyl-3-thiocyanato-2-pentene 
and 2-aminoperfluoro-4,4-dimethyl-4,5-dihydro-5-ethyIidene thiazole. The 
open-chain product is ring closed on heating up to 150°C in an autoclave 
(92BAU260, 92MI1) (Scheme 40). 

Another example for this mechanistic type is the reaction of 2-chloroper- 
fluoro-l-thiocyanato-l-cyclohexene with gaseous ammonia at room tem¬ 
perature. The 2-amino-4,4,5,5,6,6,7,7-octafluoro-4,5,6,7-tetrahydro- 
benzothiazole initially formed, subsequently suffers a nucleophilic attack 
by ammonia and HF elimination to give 2-amino-4,4,5,5,6,6-hexafluoro- 
7-imino-4,5,6,7-tetrahydro-benzothiazole (91BAU2075). 

2. Cyclocondensation Reactions of 1,4-Dinucleophilic with 
Fluoro-containing 1,1-Dielectrophilic Building Blocks 

The 1,4-dinucleophilic building blocks used most are 1,2-disubstituted 
ethanes of the type HXCH 2 CH 2 YH, semicarbazides, thiosemicarbazides, 
hydroxamic acid amides, amidrazones, and 1,2-disubstituted aromatic and 
heteroaromatic compounds. 1,1-Dielectrophilic building blocks preferen¬ 
tially used are perfluorinated carboxylic acids and their derivatives, such 
as acid halides, anhydrides, imidoesters, nitriles, perfluoroalkyl chlorosul- 
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fonates and trichloromethyl perfluoroalkyl ketones. The perfluoroalkyl 
substituent enhances the electrophilic nature of these species. On combi¬ 
nation of these building blocks many five-membered heterocycles with 
well-defined ring atom and substituent patterns can be synthesized. 

Trifluoroacetic acid or trifluoroacetic acid anhydride reacts with hydrox- 
amic acid amides, thiosemicarbazide, and 1,2-diaminopyridine to yield 
herbicidal active 1,2,4-oxadiazoles [78GEP(O)2801509], fungicidal-active 
1,3,4-thiadiazoles (80USP4264616), and 2-trifluoromethyltriazolo[l,5- 
ajpyridines [80JFC( 15)179]. 2-Trifluoromethyl-L-histidine was obtained 
from L-histidine on treatment with benzoyl chloride/sodium hydroxide 
and subsequent ring closure with trifluoroacetic anhydride (78JOC3403) 
(Scheme 41). 

Similarly, with perfluoroalkanoic acids or the corresponding anhydrides, 
perfluoroalkyl groups can be attached to five-membered heterocyclic sys¬ 
tems [81JFC( 18)243] (Scheme 42). 

Fluoroalkyl-substituted benzoxazoles and benzothiazoles can be syn¬ 
thesized from fluoroalkyliminoesters, which are readily available from 
fluoroalkylnitriles and alcohols or o-hydroxy- or o-mercaptoanilines 
[76JFC(8)295]. Glycols and thioglycols readily react with trifluoroaceto- 
nitrile at room temperature to give 2-amino-2-trifluoromethyl-l,3- 
dioxolanes, -1,3-oxothiolanes, and -1,3-dithiolanes (79IC2319) (Scheme 43). 

Like perfluorocarboxylic acid fluorides, perfluoroalkyl chlorosulfonates 
react with 2-aminophenols, 2-aminothiophenols, and 1,2-diaminobenzene 
to give ALacylated products. On subsequent heating ring closure occurs 
with formation of 2-perfluoroalkyl-substituted benzoxazoles, benzothia¬ 
zoles, and benzimidazoles [90JFC(49)197] (Scheme 44). 



Scheme 42 
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F,C NH 2 


Scheme 43 
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Scheme 44 


The only example where a ketone is successfully introduced as a (1,1 
ee) building block is 1,1,1-trichloro-3,3,3-trifluoroacetone, which on heat¬ 
ing with methylthioamidrazones is transformed into 3-trifluoromethyl- 
1,2,4-triazoles (83JHC1533). A plausible mechanistic interpretation 
for the elimination of a trichloromethyl group during the reaction 
seems to be a haloform cleavage of the adduct initially formed to give a 
/V-trifluoroacetyl compound, which on heating undergoes ring closure 
(Scheme 45). 


C. 1,5-Cyclocondensation Reactions 

In certain cases the open-chain products of [3+ 2] and [4+1] condensa¬ 
tion reactions can be isolated, and the ring closure can be done in a second 
step. Therefore, this reaction type is very suitable for testing the “Baldwin 
rules” (76CC734). o-Phenylenediamine can be monoperfluoroacylated on 
treatment with perfluoroacylfluorides at room temperature. On subsequent 
heating the N-acylated compounds undergo a 5 -exo-trig ring closure and 
2-perfluoroalkyibenzimidazoles are obtained. Via this strategy two benz¬ 
imidazole moieties can be joint linearly, i.a. by perfluorinated alkyl chains 
[8IJFC( 18)243], In an analogous process 2-perfluoroalkylbenzothiazoles 
are formed from 2-aminothiophenols [78JFC( 12)271] (Scheme 46). 

Phenylhydrazones of perfluorobenzaldehyde and 2,3,4,5,6-pentafluor- 
oacetophenone cyclize on heating in the presence of potassium carbonate 
to give 4,5,6,7-tetrafluoroindazoles [90JFC(49)359], A plausible mecha- 



SCHEME 46 
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nism seems to be 1,5-electrocyclization of a heteropentadienyl anion ini¬ 
tially formed and subsequent fluoride elimination with aromatization 
(Scheme 47). 

A large number of 1-, 2-, and 3-substituted 4,5,6,7-tetrafluoroindoles 
have been obtained via a similar route (68DOK( 178)864; 69JGU1583; 
70KGS381, 70KGS385, 70KGS622, 70MI1]. After C-trifluoroacetylation 
with trifluoroacetic anhydride, N,JV-dialkylhydrazones from aliphatic and 
aromatic aldehydes can be transformed into trifluoromethyl-substituted 
pyrazoles and imidazoles (88JOC129, 88JOC519, 88TL5281; 90JHC487) 
(Scheme 48). 

N-Methyl-ZV-trifluoroacetylaminoguanidine prepared from N-methyl-yV- 
aminoguanidine and trifluoroacetic anhydride undergoes a 1,5-cycIoconde- 
nsation reaction to give a pharmaceutically active trifluoromethylated 
1,2,4-triazole (80FRP2477150) (Scheme 49). 

2,5-Bis(trifluoromethyl)-l,3,4-oxadiazole undergoes ring cleavage on 
treatment with hydrazine; the open-chain l-(A'-aminotrifluoromethylimi- 
doyl)-2-trifluoroacetyl hydrazine is ring closed again on boiling with acetic 
acid in a 5-exo-trig process (89JOC1760). When primary aliphatic or 
aromatic amines are employed instead of hydrazine, 4-alkyl- and 4-aryl- 
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Scheme 50 

substituted 3,5-bis(trifluoromethyl)-4//-1,2,4-triazoles are obtained 
(89JHC225) (Scheme 50). 

The adduct obtained from acetaldehyde and perfluoro-3,4-dimethylhex- 
3-ene on y-irradiation was transformed thermally into a fluoroalkylated 
furan in the presence of tributylamine (80TLI891). 4,5-Bis(trifluoro- 
methyl)octa-3,6-dione, the addition product of propionaldehyde to 
hexafluoro-2-butyne on y-irradiation, yields 2,5-diethyl-3,4-bis- 
(trifluoromethyl)furan on treatment with sulfuric acid (91JHC225) 
(Scheme 51). 

1-Alkyl-l-perfluoroalkenylphosphates, which easily can be dephos- 
phorylated in the presence of fluoride ions and triethylamine, undergo 
a 1,5 cyclocondensation reaction to give furan derivatives (87CL1621) 
(Scheme 52). 

1-Decynyldi- and 1-Decynyltri-fluoromethyl ketoxime cyclize in 5- 
endo-dig processes to provide 3-difluoromethyl- and 3-trifluoromethyl- 
isoxazoles (89TL2049). A highly efficient, regiocontrolled synthesis for 
3-fluorofurans proceeds via base-induced cyclization reaction of the 
Reformatzky adduct from bromodifluoromethyl phenylacetylene and alde¬ 
hydes. An epoxide is suggested to be the intermediate of this reaction 
(91CC1134), but this cyclization can also be rationalized as a 5 -endo- 
dig process. There are a significant number of examples of heterocyclic 
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Scheme 53 


syntheses known involving endo cyclization onto a triple bond. Although 
such reactions appear to be sterically unfavorable because of the linear 
nature of the triple bond, it is easy to distort the triple bond to achieve 
the required transition-state geometry (78JA6007; 79JA1340) (Scheme 53). 


D. Miscellaneous 

Pentafluorophenyl propargyl ether isomerizes in the gas phase on silica 
gel at 370°C to give 2-monofluoromethyl-4,5,6,7-tetrafluorobenzo[b]- 
furan [81 JCS(P1) 1417]. Via the same route, naphtho[2,l-b]furans 
[82JCS(P1)107, 82JFC(20)173] and 4,5,6,7-tetrafluoro-2,3-dihydro-2-methyl- 
1-benzothiophene [81 JCS(P1)1659] can be synthesized (Scheme 54). 


IV. Introduction of Fluorine, Polyfluoroalkyl, and Perfluoroalkyl 
Groups into Five-Membered Heterocycles via 
Cycloaddition Reactions 

A. [3 + 2] Cycloaddition Reactions 

The 1,3-dipolar cycloaddition is a general principle for the synthesis of 
five-membered heterocyclic systems with well-defined substitution pat¬ 
terns, and in many cases with great stereochemical control (84MI2). The 
“Woodward-Hoffmann Rules” provide the basis for mechanistic under¬ 
standing [69AG(E)781; 79MI1], and the application of frontier orbital the¬ 
ory rationalizes the effects of substituents bonded to the 1,3-dipolar and 
dipolarophilic species on the rates and selectivities of [3 + 2] cycloaddition 
reactions (74PAC569; 76MI1). 

The concept of the 1,3-dipolar cycloaddition is especially valuable for 
the construction of five-membered heterocyclic systems, substituted by 
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fluorine and/or short-chain perfluoroalkyl groups, because of the wide 
variety of 1,3-dipoles and dipolarophiles available. Since fluorine and 
fluorinated side chains can be introduced regioselectively into the 1,3- 
dipolar as well as into the dipolarophilic species (or into both of them), 
this synthetic principle is extremely flexible. 

Incorporation of perfluoroalkyl groups into 1,3-dipoles usually increases 
reactivity, i.a. by lowering the energies of the frontier orbitals and reducing 
the LUMO 1,3-dipole/HOMO dipolarophile energy gap. On the other 
hand, when perfluoroalkyl and partially fluorinated substituents are di¬ 
rectly bonded to the dipolarophile skeleton, cycloaddition reactions occur 
preferentially under HOMO 1,3-dipole/LUMO dipolarophile control. Fur¬ 
thermore, perfluoroalkyl groups often stabilize the newly formed ring 
systems. 

1. Introduction of Fluorine-containing Substituents into Five- 
Membered Heterocycles via Fluoro-substituted l ,3-Dipoles 


a. Perfluoroalkyl-substituted 1,3-Dipoles of the Propargyl-Allenyl 
Type. Trifluoromethyl-substituted (71CB3816; 73CB2863) and bis- 
(trifluoromethyl)-substituted (72CB3814; 74CB1823; 79MI2) nitrile ylides 
have been generated via different routes and trapped by various dipolaro¬ 
philes to yield trifluoromethyl- and bis(trifluoromethyl)-substituted five- 
membered ring systems containing one, two, or three heteroatoms 
[71CB1408; 78JFC( 12)519; 83CL1463; 84MI3; 89HCA825; 91AX(C)1550] 
(Scheme 55). 

Likewise, trifluoromethyl-substituted nitrile imines, generated from 
2,3-dihydro-3-phenyl-5-trifluoromethyl-2,2,2-trimethoxy-l,3,4-diaza-2- 
phospholes (84BCJ2689), or ALphenyltrifluoroacetohydrazonoyl bromide 
(82CL543; 83CL507; 85BCJ1841, 85JHC565; 86BCJ3901; 87MI1), and 
trifluoroacetonitrile oxide, generated in situ from hydroximoylchloride or 
bromide by base-induced 1,3-elimination (84JOC919; 86BCJ3901; 
89CHE815), have been used as trifluoromethyl-containing building blocks 
to synthesize trifluoromethyl-substituted five-membered ring systems 
of the pyrazole, pyrazoline, isoxazole, isoxazoline, and 1,2,4-oxadiazole 
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X = Cl, Br 

R = C0 2 CHj (A:B = 3:1), CH 2 OPh (A:B = 5:1). Ph (A:B = 1:0) 
Scheme 56 


type (84BCJ2184; 85BCJ2061; 86BCJ2631, 86JHC1535; 87BCJ4480, 
87JHC1391; 89CHE555) (Scheme 56). 

In the absence of trapping reagents, trifluoroacetonitrile oxide dimerizes 
to give a trifluoromethyl-substituted furoxan or a l,4-dioxa-2,5-diazine, 
depending on the identity of the 1,3-dipolar species. 

b. Trifluoromethyl-Substituted Diazonium Betaines. [3 + 2] cyclo¬ 
addition reactions of trifluoromethyl-substituted diazoalkanes 
[68JCS(C) 1507; 79JFC(I3)I47; 89JFC(45)323] and alkyl 3,3,3-trifluoro-2- 
diazopropionates (89CC607) have been described. Trifluoromethyldia- 
zomethane was found to react with ethylene and regiospecifically with 
propene to give pyrazolines. In the latter case a 1:1.3 mixture of cist 
trans isomers was obtained (Scheme 57). 

The [3 + 2] cycloadduct formed on treatment of tetrakis(trifluoromethyl)- 
Dewar-thiophene with trifluoromethyl diazomethane isomerizes to give 
an annulated 3-trifluoromethyl-l//-2-pyrazoline in the presence of acids 
and bases. Sulfur can be removed from both compounds on reaction with 
triphenylphosphine (80JA6633). 

Photolytic (68CB302) or rhodium-catalyzed decomposition of alkyl 
3,3,3-trifluoro-2-diazopropionates gives carbenes and carbene complexes, 
respectively, which exhibit an enormous synthetic potential. [3 + 2] 
cycloaddition reactions have been performed, e.g., with nitriles to give 
4-trifluoromethyl-substituted oxazoles [90JOC3383; 91JFC(52)149] 

(Scheme 58). 
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Scheme 59 

c. Perfluoroaryl- and Perfhwroheteroaryl-substituted Azides. Azides 
bearing electron-withdrawing groups add to olefins often with spontaneous 
loss of nitrogen (84MI6). 4-Azidotetrafluoropyridine adds at room temper¬ 
ature to norbornene as well as to dicyclopentadiene to give i?.ro-aziridines; 
the intermediate triazoline could not be isolated [72JCS(P 1)2964], In con¬ 
trast, pentafluorophenyl azide and tetrafluoro-4-azidopyridine add to phe- 
nylacetylene to yield both regioisomers [74JCS(P1)1365] (Scheme 59). 

[3 + 2] cycloaddition of 2-aryl-5-azido-3-trifluoromethylthiazoles to di¬ 
methyl acetylenedicarboxylate occurs even at room temperature. Unsym- 
metrically substituted alkynes, such as propiolates, react to give two 
regioisomers [90ZN(B)1695]. 

d. Partially Fluorinated 1,3-Dipoles of the Allyl Type. A general route 
to azomethine ylides employs proton abstraction from immonium salts 
with bases (84MI7). This concept was adapted to generate highly reactive 
partially fluorinated azomethine ylides. The [3 + 2] cycloadducts with al¬ 
kynes are sensitive to oxidation and can be transformed into fluorinated 
indazolines [86JFC(34)275; 88JFC(38)289] (Scheme 60). 

The indazolines themselves may be regarded as masked azomethine 
ylides and therefore are susceptible to further [3 + 2] cycloaddition reac¬ 
tions (59JOC582). A+Methyl-AC(2-perfluoropropenyl)trifluoroacetamide 
exists in a valence tautomeric equilibrium with a cyclic azomethine ylide, 
which can be trapped with various dipolarophiles. The [3 + 2] cycloadducts 
with alkynes rearomatize on cycloelimination of fluorophosgene to give 
trifluoromethyl-substituted pyrroles (89BAU1325) (Scheme 61). 

Trifluoromethyl-substituted azomethine imines are intermediates of the 
“criss-cross” cycloaddition reaction [74AG(E)474; 76S349]. They are the 
most thoroughly investigated trifluoromethyl-substituted 1,3-dipoles. 
Hexafluoroacetone azine [73AG(E)502; 84JOU1646] reacts with two 
equivalents of terminal olefins [71 JCS(C)2404] or alkynes (75TL1125) to 



Scheme 60 




R - CFj. COjCHj 

Scheme 61 

give l,5-diazabicyclo[3.3.0]octanes and l,5-diazabicyclo[3.3.0]octa-2,6- 
dienes, respectively (Scheme 62). 

The criss-cross cycloaddition process consists of two separate [3 + 2] 
cycloaddition steps. In summary, it represents a 1,3/2,4 cycloaddition of 
multiple bond systems to the azine skeleton. The structure of the azo- 
methine imine intermediate has been proved by X-ray structure anal¬ 
ysis [74AG(E)475], Ethylene [71JCS(C)2404], acetylene (75TL1125), 
many terminal alkyl-, aryl-, geminal dialkyl-, and diaryl-substituted al- 
kenes [75CB1460, 75JCS(P1)538, 75JCS(P1)1902; 82JFC(19)589], dienes 
[75JCS(P1)1411], terminal alkyl- and aryl-substituted alkynes (75TL1125; 
79CB2609), certain cyclic alkenes (79T389), vinyl ethers (82LA853), alkox- 
yacetylenes and ynamines (79LA133), acrylates (82LA845), and propio- 
lates (79CB2609) react similarly. Under appropriate reaction conditions 
the intermediate azomethine imines can be isolated. 

Based on this concept, a preparatively simple route to the previously 
unknown l//-3-pyrazolines was developed. Olefins of type RCH=CHR 
and hexafluoroacetone azine react to give azomethine imines, which subse¬ 
quently are transformed in a series of prototropic shifts to give 1//-3- 
pyrazolines [75JCS(P1)538; 79T389], The latter on heating with AIBN 
undergo fluoroform elimination with heteroaromatization to yield trifluor- 
omethyl-substituted pyrazoles [82JFC( 19)437] (Scheme 63). 

An unexpected [1.4] migration of a trifluoromethyl group was observed 
when azomethine imines were synthesized from hexafluoroacetone az¬ 
ine and alkoxyalkynes. The rearrangement, which occurs at tempera¬ 
tures as low as 0°C, is probably a radical process and results in the for¬ 
mation of N-(perfluoro-tert-butyl)pyrazoles (79CC792). The formation of 
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R = alkyl, aryl 


Scheme 63 

a perfluoro-tert-butyl group via trifluoromethyl group migration is without 
precedence (Scheme 64). 

Azomethine imines obtained from l,4-dichloro-l,4-bis(trifluoromethyl)- 
azine and cycloalkenes or cyclodienes undergo [1.4] chlorotropy. Subse¬ 
quent hydrolysis yields l-trifluoroacetyl-3-trifluoromethyl-2-pyrazolines 
(93CC9) (Scheme 65). 

Numerous [3 + 2] cycloaddition reactions have been performed with 
bis(trifluoromethyl)-substituted azomethine imines (79CB2609,79LA133). 
Noteworthy is the [3 + 2] cycloaddition reaction with tetracyanoethylene, 
which adds across one of the nitrile functions instead of adding across 
the CC double bond. This is one of the rare examples of this type of 
periselectivity found in the case of tetracyanoethylene in [3 + 2] cycloaddi¬ 
tion processes (76LA30). 

Since the criss-cross cycloaddition reaction is a sequence of two [3 + 2] 
cycloaddition steps, the reaction of hexafluoroacetone azine with a, oj- 
diolefins offers access to a new class of trifluoromethyl-substituted hetero¬ 
cyclic macromolecules. Polymers with interesting structures and proper¬ 
ties become available by criss-cross polymerization (88MI3; 89MI2; 
90MI2). 



CCICFj CCIjCFj COCFj 
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The “Diels-Alder” adduct isolated from the reaction of hexafluoro- 
acetone azine and 2,3-dimethyl-1,3-butadiene at elevated temperatures 
[75JCS(P1)1411] in fact is the result of a two-step process, namely of a 
[3 + 2] cycloaddition reaction and a subsequent [3.2] sigmatropic re¬ 
arrangement [82JFC( 19)589]. 

Open-chain azines with multiple-bond systems do not react as 1,3-dienes 
but as 1,3-dipoles to give 1,3- and 1,3/2,4-cycloadducts, respectively. This 
is probably due to the lone pair/lone pair repulsion, which makes the s- 
cis conformation unfavorable. “Azines appear to behave as if the diene 77- 
bonds are orthogonal to each other, so that the system has two orthogonal 
azomethine imine moieties” (79MI5). Consequently, 1,4 cycloaddition 
reactions with azines are only feasible when the azine skeleton is incorpo¬ 
rated into a ring system [59JA4342; 78JCS(P1)378; 86AP690; 88CPB3354]. 

Trifluoromethyl-substituted nitrones have been prepared [78JFC- 
(12)153; 88JFC(39)39, 88MI2; 89JHC381] and used as building blocks for 
five-membered ring synthesis (Scheme 66). 

Trifluoromethyl-substituted azimines are surprisingly stable com¬ 
pounds. They are formed by 1,3-dipole metathesis from trifluoromethyl- 
substituted azomethine imines and certain nitroso compounds 
[78JFC( 11)567; 82CZ408], Photolytically they can be ring closed to give 
the first representatives of triaziridines completely stable at room tempera¬ 
ture. On heating above 80-100°C the trifluoromethyl-substituted triaziri¬ 
dines undergo ring opening to give back the starting azimines 
[85AG(E)341] (Scheme 67). 

When pentafluoronitroacetone and 2,3-dimethyl-1,3-butadiene are re¬ 
acted, a two-step procedure can be observed. In the [4 + 2] cycloadduct 
initially formed the nitro group is suitably placed to undergo an intramolec¬ 
ular [3 + 2] cycloaddition reaction with the newly formed CC double bond 



R' = Me R 2 = Me, Ph, C(CH 3 )=CH 2 R 3 = Ph, CF 3 , C,F S 

Scheme 67 



Sec. IV.A] FLUORO HETEROCYCLES WITH FIVE-MEMBERED RINGS 


35 


of the dihydropyrane ring to form a caged product (68BAU357; 
82BAU536). 

2. Introduction of Fluorine-containing Substituents into Five- 
Membered Heterocycles via Dipolarophiles 

Perfluorinated and partially fluorinated substituents directly bonded to 
multiple bonds of dipolarophiles lower the energies of the frontier orbitals. 
Consequently, this class of dipolarophiles is highly reactive in HOMO 
1,3-dipole/LUMO dipolarophile controlled [3 + 2] cycloaddition reactions. 
Since 1,3-dipoles (84MI1) and fluorosubstituted olefins, alkynes, carbonyl 
and thiocarbonyl compounds, imines, nitriles, and nitroso compounds 
(70MI2; 73MI2; 76M14) are readily available, this strategy offers a general 
and preparatively simple route to fluorinated five-membered heterocyclic 
systems. 

a. Via Fluoroolefins. Fluoroolefins should be susceptible to reaction 
with all kinds of 1,3-dipoles. The [3 + 2] cycloadducts initially formed 
often undergo heteroaromatization by HF elimination or cycloreversion 
reactions. Hexakis(trifluoromethyl)phosphabarrelene and diazomethane 
yield 4,5-bis(trifluoromethyl)pyrazole quantitatively. A [3 + 2] cycloadduct 
is the intermediate in this process (77TL867). 

Perfluoropropene (66JOC789) and perfluoroisobutene (86BAU231) add 
benzyl azide to give [3 + 2] adducts, which have been tentatively ascribed 
a l,2,3-triazol-2-ine structure. Hexafluorobicyclo[2.2.0]hexa-2,5-diene 
(hexafluoro-Dewar-benzene) and phenyl azide at 34°C react slowly to give 
a mixture of eYo-triazoIine-ejro-aziridine and exo, exo-trans bistriazoline 
[73JCS(P1) 1798]. Azides already add at room temperature across the CC 
double bond of tetrakis(trifluoromethyl)-5-thiabicyclo[2.1.0]-2-pentene 
[tetrakis(trifluoromethyl)-Dewar-thiophene]. On photolysis the newly 
formed triazoline is transformed into an aziridine ring system; this tri¬ 
cyclic system subsequently can be desulfurized. Via this route tetrakis- 
(trifluoromethyl)-substituted Dewar-pyrroles become readily accessible 
(77JA7350; 80JOC2962). 

The [3 + 2] cycloadduct obtained from tetrakis(trifluoromethyl)diphos- 
phabenzvalene and phenyl azide undergoes ring contraction on photolysis 
to give the corresponding aziridine, whereas during chromatography on 
silica gel a cycloreversion reaction with formation of 4,5-bis(trifluoro- 
methyl)-l,2,3-triazole was observed (80JOC4683). 

Aziridines on thermolysis and photolysis give azomethine ylides, which 
can be trapped by fluoroolefins (76CJC218). In the case of the [3 + 2] 
cycloadduct of l-trimethylsilyl-2-tert-butoxycarbonyl aziridine and per- 




fluoropropene or perfluoro-2-butene (autoclave, 160°C), heteroaromatiza- 
tion was achieved on treatment with potassium-tert-butoxide at elevated 
temperatures (82S313) (Scheme 68). 

Pyrrolo[l,2-a]pyridines result from the reaction of pyridinium meth- 
ylides and perfluoropropene [85JCR(S)33]. Azomethine imines, like N- 
iminopyridinium and /V-iminochinolinium ylides, react with perfluoropro¬ 
pene, 2/f-pentafluoropropene, and perfluoro-2-butene analogously to give 
annulated pyrazoles [80JFC( 15)179]. Again the [3 + 2] cycloadducts ini¬ 
tially formed eliminate HF and/or F 2 . The —N=CF—C(CF 3 )= moiety 
incorporated into the ring system is of special preparative value because 
the single fluorine atom easily can be substituted by a wide variety of 
nucleophiles (88S194, 88S199) (Scheme 69). 

b. Via Fluorinated Alkynes. Nitrile oxides (84MI4) and l-aryI-3,3,3- 
trifluoropropynes (89S331) do not react regiospecifically, with 5-aryl-4- 
trifluoromethylisoxazoles always being the main products. In contrast, 5- 
substituted isoxazoles were obtained exclusively on reaction with terminal 
alkynes, like a-trifluoromethyl-substituted alkynyl amino and alkynyl hy¬ 
droxy acid esters. These heterocyclic 3,3,3-trifluoroalanine and 3,3,3- 
trifluorolactic acid derivatives are interesting candidates for peptide modi¬ 
fication (92LA947) (Scheme 70). 



Scheme 69 



R = NHZ. OH 
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R - NHZ, OH 
R' = H, COjMe 

Scheme 71 

A spiro adduct is the result of the reaction of diazofluorene and perflu- 
oro-2-butyne (72AG(E)224, 72TL3479; 74CB2027). With diazomethane 
and ethyl diazoacetate the above-mentioned trifluoromethyl-substituted 
alkynylamino and alkynyl hydroxy acid esters give a single [3 + 2] cyclo¬ 
adduct, namely the 2-(3-pyrazolyl)-3,3,3-trifluoroalanine and the 2-(3- 
pyrazolyl)-3,3,3-trifluorolactic acid derivatives, respectively (92LA947) 
(Scheme 71). 

Azides rapidly react with electron-poor alkynes to give 1,2,3-triazoles 
(84MI5). A series of structurally different fluorosubstituted alkynes, 
like perfluoro-2-butyne (66JOC789), l-aryl-3,3,3-trifluoropropynes 
[91JFC(55) 199], 4,5-dichloro-1,1,1,6,6,6-hexafluorohex-4-en-2-yne, per- 
fluoro-2,4-hexadiyne (66JOC3292), and 2-ethynyl-3,3,3-trifluoroalaninates 
(92LA947) react analogously to give fluoro-substituted 1,2,3-triazolines. 

The [3 + 2] cycloadducts from pyridinium methylides and perfluoro-2- 
butyne as well as 3,3,3-trifluoropropyne in the presence of sodium hydride 
are spontaneously transformed into the trifluoromethyl-substituted indoli- 
zines [91 JFC(51 )407] (Scheme 72). 

Hexafluoro-2-butyne and carbon disulfide react to give the tetrakis- 
(trifluoromethyl)tetrathiafulvalene quantitatively only in the presence of 
trifluoroacetic acid (70JA1412; 73JA4379). The carbene initially formed is 
protonated; the 1,3-dithiolium ion subsequently combines with the nucleo¬ 
philic carbene to give the trifluoromethyl-substituted tetrathiafulvalene. 

A preparatively and mechanistically interesting synthesis of trifluoro¬ 
methyl-substituted thiadiazoles from trifluoromethyl-substituted alkynes 
and tetrasulfur tetranitride has been described [87JCS(P1)1579, 
87JCS(P1) 1585] (Scheme 73). 



R = C0 2 Et. COPh 
R' = H, CFj 

Scheme 72 
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R = CN, COjEt 

Scheme 73 

c. Via Polyfluoroalkyl- and Perfluoroalkyl-substituted Carbonyl Com¬ 
pounds. Nitrile ylides generated from 2//-azirines on photoylsis add 
to C=0 double bonds of trifluoromethyl ketones and methyl trifluoro- 
acetate to yield 5-trifluoromethyl-substituted 3-oxazolines (75HCA1739; 
83HCA262; 84MI3). 

Diazoalkanes react with carbonyl compounds, usually under very mild 
conditions, to give oxiranes and ketones. The reaction has been interpreted 
as a nucleophilic attack of the diazoalkane on the carbonyl group to yield 
diazonium betaines of l,2,3-oxadiazol-2-ines as reaction intermediates, 
which generally are too unstable to be isolated. Aromatic diazo compounds 
react readily with partially fluorinated and perfluorinated ketones to give 
1,3,4-oxadiazol-3-ines in high yield. However, above 25°C the aryloxadia- 
zolines lose nitrogen to give epoxides (78JA4260; 86JOC2366). 


d. Via Polyfluoroalkyl- and Perfluoroalkyl-substituted Imines. N- 
Benzenesulfonyl imines of hexafluoroacetone readily react with nitrile 
oxides (79JOU2008; 81ZVK350; 82BAU1663; 86ZVK112), oxiranes, and 
thiiranes to give l,2,4-oxadiazol-2-ines, oxazolidines and thiazolidines, 
respectively (Scheme 74). 

The perfluorinated six-membered azomethine imine and diazomethane 
react at temperatures as low as -80°C to form the aziridine together with 
the [3 4- 2] cycloadduct, which stabilizes on elimination of HF to give the 
annulated 1,2,3-triazoline [77JFC( 10)553] (Scheme 75). 





Ph -S0 2y CHF - CFj 




Scheme 75 
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K>Cl 



R = CHj 30% 32% 

R - CH(CHj) 2 42% 51% 

Scheme 76 


Halogenated and halogenoalkyl-substituted imines react with diazoal¬ 
kanes under very mild conditions and preferentially afford aziridines 
[72LA(757)9; 84RCR238], Diazonium betaines have been considered to 
be intermediates of these reactions (64JOC3049; 71T51). On reaction of 
diazomethane with certain imines of hexafluoroacetone (67BAU695; 
84RCR238), l,l-bis(trifluoromethyl)-2-azabuta-1,3-dienes [72LA(757)9], 
or hexafluoroacetone azine [76JFC(7)471], stable [3 + 2] cycloadducts have 
been obtained. The latter two hetero-1,3-dienes are capable of adding two 
molecules of diazomethane (Scheme 76). 

e. Via PerfluoroalkylNitriles. Perfluoroalkyl-substituted nitriles react 
with various 1,3-dipoles, such as nitrile ylides (76HCA1018), diazoal¬ 
kanes [73JCS(D)483], azides (62JOC2085; 79JOUI677, 79JOU2009), azo- 
methine ylides [81H1223; 83JFC(22)589; 86JCS(P1)1769, 86JFC(34)275; 
91JFC(51)4071, and azomethine imines [80JFC( 15) 179; 82JFC(20)373] to 
give stable five-membered ring systems. Nonaromatic [3 + 2] cycloadducts 
obtained from perfluoroalkyl nitriles often exhibit tendency to aromatize 
on subsequent oxidation, elimination, or rearrangement (Scheme 77). 

3. Introduction of Perfluorinated and Polyfluorinated 
Substituents via 1,3-Dipoles and Dipolarophiles 

Fluoro-containing substituents can be introduced regioselectively into 
five-membered heterocycles by using the enormous synthetic potential of 
the [3 + 2] cycloaddition reaction via the 1,3-dipolar or/and dipolarophilic 
species. In the latter case fully perfluoroalkyl-substituted five-membered 
heterocycles become available. 
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Scheme 78 




Perfluoro-2-diazopropane and hexafluorothioacetone react at tempera¬ 
tures as low as -30°C to give the tetrakis(trifluoromethyl)-substituted 
1,3,4-thiadiazoline in nearly quantitative yield (69JOC3201) (Scheme 78). 

Pyridinium (trifluoroacetyl)methylide forms [3 + 2] cycloadducts with a 
wide variety of perfluorinated and partially fluorinated olefins, alkynes, 
and nitriles [86JFC(34)275]. Photolysis of a mixture of hexafluoro-3- 
diazobutan-2-one and perfluoro-2-butyne in the gas phase results in the 
formation of tetrakis(trifluoromethyl)furan; a ketocarbene is the key inter¬ 
mediate of this reaction sequence (87JOC2680) (Scheme 79). 

When 1,2,3-thiadiazoles are photolyzed in the gas phase in the presence 
of hexafluoro-2-butyne, 2,3-bis(trifluoromethyl)thiophenes are formed; a 
plausible intermediate for this process seems to be a thiirine (74CRV431). 


B. Synthesis of Perfluoroalkyl-substituted 
Five-Membered Heterocycles via [4+1] 
Cycloaddition Reactions 

Bis(trifluoromethyl)-substituted hetero-1,3-dienes are excellent traps 
for single-ring atom species, even when these are short-lived. They add 
electron-rich and electron-poor carbenes [77CZ402; 79BAU1688; 
82JFC(20)813],carbene complexes (73CB1581), carbene analogues (SnCl 2 , 
Sn(C 5 H 5 ) 2 , GeCI 2 ) [88S189; 90JFC(46)105], P(III) species (71CB1826; 
77ZVK228; 79MI6), isonitriles [82JFC(20)813], etc., to give trifluoro- 
methyl-substituted five-membered heterocycles (Scheme 80). 



,c^ CF - 


r ’\ / 3 

JrL 

FjC'^'o^'CF 

F ff > N 


Scheme 80 



Sec. IV.B] FLUORO HETEROCYCLES WITH FIVE-MEMBERED RINGS 


41 



50-70 *C 
24-36 h ’ 


Scheme 81 



77-93 % 


Trimethylsilyl cyanide and certain cyanoformates add to give five- 
membered ring systems having the same structure as the isonitrile adducts 
(84CZ209; 88S44) (Scheme 81). 

[4+1] cycloadducts are also formed on transfer of one-ring atom frag¬ 
ments from reactive species tobis(trifluoromethyl)-substituted hetero-1,3- 
dienes: CR 2 from diazo alkanes (67JGU2355), NH from hydrazoic acid 
[87JFC(36)329]; 0 from peroxy acids [87JFC(37)53]; S from phosphorus 
pentasulfide, Lawesson’s reagent (77CB2114), and S 8 (86CZ87); Se from 
phosphorus pentaselenide (80CB2699) and Se 8 (86CZ87); and Te from 
antimony telluride (77CC80). When oxygen is in a terminal position of 
the hetero-1,3-diene, a replacement of oxygen by chalcogenes is often 
observed during formation of the five-membered ring (Scheme 82). 

Five-membered heterocycles with two vicinal chalcogen atoms in the 
ring system can be used as stable precursors for sulfur as well as for 
selenium-containing hetero-1.3-dienes in cycloaddition reactions. Conse¬ 
quently, 3//-1,2,4-thiaselenazoles have been used for the in situ formation 
of 4,4-bis(trifluoromethyl)-l-thia-3-azabuta-l,3-dienes, which exist at 
room temperature only as 4,4-bis(trifluoromethyl)-2//-l ,3-thiazetes. This 
strategy was applied to the synthesis of the first stable selenophosphorane 
from bis(trifluoromethyl)-substituted 3//-diselenazol and 2-methoxy-1,3,2- 
dioxaphospholan [78AG(E)774] (Scheme 83). 

From all [4+ 1] cycloadducts generated from 4,4-bis(trifluoromethyl)- 
substituted hetero-1,3-dienes of type (F 3 C) 2 C=N—C(R)=X (X = O, S, 


R' 




X = 0. S Y = CR 2 , NH. O. S. Se. Te 

Scheme 82 
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Scheme 84 


NR'), the tin heterocycles exhibit the most promising preparative potential 
[78TL5003; 82CB2494; 88S189,88S199; 90JFC(46)105; 92CC348]. On heat¬ 
ing, they undergo a heterolytic ring cleavage, fluoride elimination, and 
fragmentation with loss of the tin moiety to give a heteropentadienyl anion, 
which undergoes 1,5-electrocyclization and fluoride elimination with het- 
eroaromatization. This reaction sequence can be performed as a “one pot 
procedure” in good yields (Scheme 84). 

With certain 4,4-bis(trifluoromethyl)-3-aza-l-oxabutadienes this trans¬ 
formation can be achieved on heating with metals (91CZ253), especially 
zinc (89CHE1418) or with zinc/ultrasound (91CZ253). The fluorine atom 
at C—5 can be readily replaced by various nucleophiles (88S194). Via this 
route, 4-trifluoromethyl-l,3-oxazoles, -1,3-thiazoles, and -imidazoles can 
be introduced into many compounds of biological interest (Scheme 85). 

A wide variety of a-trifluoromethyl-substituted amino acids are now 
available from the reaction of 5-fluoro-4-trifluoromethyl-l,3-oxazoles with 
allylic alcohols and benzyl alcohols. The reaction sequence involves a 
low-temperature Claisen rearrangement or a radical 1,3-benzyl shift from 
oxygen to carbon, respectively [88AG(E)848; 89S850] (Scheme 86). 
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Scheme 87 


The [4+1] cycloadducts formed from 4,4-bis(trifluoromethyI)-l-oxa- 
buta-1,3-dienes (92JPR219)and tin(II)-chloride are transformed on heating 
into 4,4-difluoro-3-trifluoromethylbut-3-en-l-ones, which on treatment 
with sodium hydride yield 2-fluoro-3-trifluoromethylfurans (92CC348). 
When heated with phosphorus pentasulfide, l-aryl-4,4-difluoro-3-trifluor- 
omethylbut-3-en-l-ones give 2-fluoro-3-trifluoromethylthiophenes. The 
fluorine atom at C—2 of the furans and thiophenes can readily be substi¬ 
tuted by a wide variety of nucleophiles (92JPR311). This reaction sequence 
represents a preparatively useful method for the selective introduction of 
biologically relevant substituents into the C—2 position of 3-trifluoro- 
methyl-substituted furans and thiophenes (Scheme 87). 

4,4-Bis(trifluoromethyl)-substituted hetero-1,3-dienes and alkynes react 
to give open-chain trifluoromethyl-substituted (V-propargylic amides, 4 H- 
1,3-oxazines, and, surprisingly, 2-oxazolines [83CZ271; 89ZN(B)1298], 
The formation of 2-oxazolines is one of the rare examples where only one 
carbon atom of an acetylene moiety is incorporated into the newly formed 
ring system in a cycloaddition process. The selectivity of this reaction 
can be controlled efficiently in favor of the five-membered ring system by 
adding one equivalent of 4-dimethylaminopyridine. The five-membered 
ring now becomes the main or the exclusive product. The value of 4- 
dimethylaminopyridine and similar species for manipulating periselectivity 
and regioselectivity in polar cycloaddition reactions was recognized only 
recently [89ZN(B)1298] (Scheme 88). 
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C. Introduction of Perfluoroalkyl Groups into 

Five-Membered Heterocycles via Diels-Alder/Retro 
Diels-Alder Reactions 

Five-membered heteroaromatic systems that possess an electron- 
deficient azadiene substructure, e.g., oxazoles and thiazoles, are suitable 
for participation in Diels-Alder reactions with inverse electron-demand 
[49JA3062; 59JA4342; 62AG(E)329]. The introduction of strongly electron- 
donating substituents in many cases is sufficient to overcome the electron- 
deficient nature of the azadiene moiety and permits normal HOMO diene/ 
LUMO dienophile controlled Diels-Alder reactions (87MI6). 

Acetylenic dienophiles react with oxazoles to provide furans, which 
arise from the retro Diels-Alder reaction with loss of RCN from the 
initially formed alkyne/oxazole Diels-Alder adduct. Olefinic dienophiles 
and oxazoles react to give pyridine derivatives resulting from a fragmenta¬ 
tion of the initial [4 + 2] cycloadducts with subsequent aromatization. 

Since perfluoroalkyl-substituted olefins and alkynes possess low-lying 
frontier orbitals, [4 + 2] cycloaddition reactions to oxazoles and thiazoles 
without strongly electron-donating substituents are unfavorable. On the 
other hand, five-membered heteroaromatic compounds possessing an 
electron-rich diene substructure, like furans, thiophenes, and pyrroles, 
should be able to add perfluoroalkyl-substituted olefins as well as alkynes 
in a normal Diels-Alder process. A reaction sequence consisting of a 
Diels-Alder reaction with perfluoroalkyl-substituted alkynes as dienoph¬ 
ile, and a subsequent retro-Diels-Alder process of the cycloadduct initially 
formed, represents a preparatively valuable method for regioselective 
introduction of perfluoroalkyl groups into five-membered heteroaromatic 
systems. 

Perfluoroalkyl-substituted propynoates and furans react to give 
Diels-Alder adducts. The success of the subsequent retro process depends 
on the substitution pattern of the furan ring system. The adducts of unsub¬ 
stituted furan are thermally relatively stabile, whereas the [4 + 2] cycload¬ 
ducts of 2,5-dimethylfuran readily undergo a thermally induced retro- 
Diels-Alder reaction to give the 3-trifluoromethylfuran in high yield 
[91JFC(53)285] (Scheme 89). 


90 x 






Scheme 89 
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Scheme 90 


The thermally stable furan adducts undergo a second Diels-Alder reac¬ 
tion with tetraphenylcyclopentadienone. The tetracyclic product obtained 
turns out to be thermolabile and breaks down on heating to give the 
trifluoromethyl-substituted furan together with 1,2,3,4-tetraphenylben- 
zene and carbon monoxide [91JFC(53)297], 

The cycloadducts formed on reaction of hexafluoro-2-butyne and 2- 
substituted furans can be hydrogenated selectively at the unsubstituted 
carbon double bond. On flash thermolysis at 400°C, these products un¬ 
dergo retro-Diels-Alder reaction to give 3,4-bis(trifluoromethyl)-substi- 
tuted furans [91 JFC(54)249]. A thermally stable [4 + 2] cycloadduct is 
obtained on heating hexafluoro-2-butyne and 3,4-bis(trifluoromethyl)- 
furan; the retro reaction occurs on photolysis (92JHC113) (Scheme 90). 

This concept can also be applied for the synthesis of 3-perfluoroalkyl- 
and 3,4-bis(perfluoroalkyl)-substituted pyrroles [82JOC4779; 91JFC(53)- 
285], The Diels-Alder adduct from A+(tert-butoxycarbonyl)pyrrole and 
perfluoro-2-butyne exhibits remarkable thermal stability, but after a sec¬ 
ond [4 + 2] addition of 2,4,6-trimethylbenzonitrile oxide the newly formed 
adduct is capable of a retro-Diels-Alder reaction, giving 3,4-bis(trifluoro- 
methyDpyrroles (82S313). 


D. Introduction of Perfluoroalkyl Groups into 
Five-Membered Heterocycles via [2 + 2+1] 
Cycloaddition Reactions 

Few examples of cycloaddition reactions of the type [2 + 2+1] where 
fluorosubstituted compounds are participating are known. Perfluoro-2- 
butyne and elemental sulfur react to give tetrakis(trifluoromethyl)thio- 
phene [84JFC(25)47]. Analogously, a mixture of tetrakis(trifluoromethyl- 
thio)thiophene, 2,3,4-tris(trifluoromethylthio)-5-trifluoromethylthiophene, 
and tetrakis(trifluoromethylthio)-l,2-dithiin was obtained from bis(triflu- 
oromethylthiolacetylene and sulfur at 170°C (85JHC1631) (Scheme 91). 

Treatment of hexafluoroacetone with certain P(III) species results in 
the formation of five-membered ring systems via reductive CC coupling 
of two molecules of hexafluoroacetone [78CB890, 78CB2077; 79CB2380; 
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81BAU1344; 83CJC2264; 87JGU1708; 88ZN(B)196; 89CB1465; 90JFC- 
(48)99] (Scheme 92). 


E. Synthesis of Perfluoroalkyl-substituted 
Five-Membered Heterocycles via 
1,5-Electrocyclization Reactions 

1,5-Electrocyclization reactions of perfluoroalkyl-substituted conju¬ 
gated 1,3-dipoles (1,5-dipoles) and of heteropentadienyl anions and sub¬ 
sequent elimination with aromatization offer an elegant method for the 
selective introduction of perfluoroalkyl groups into five-membered hetero¬ 
aromatic systems [79JCS(P1)214]. 

4-Trifluoromethyl-l ,3-oxazoles are formed on heating 2-trifluoromethyl- 
2-acyl-2//-oxazol-5-ones (71CB1408) as well as 3-trifluoromethyl-3-alkox- 
ycarbonyl-2,2,2-trimethoxy-5-phenyl-2,3-dihydro-1,4,2-oxazaphospholes 
(89CZ243). Both reaction sequences include a thermally induced [3 + 2] 
cycloreversion reaction and a 1,5-electrocyclization of the conjugated 1,3- 
dipolar species initially formed (Scheme 93). 

Tetrakis(trifluoromethyl)furan was obtained in nearly quantitative yield 
from 3-trifluoroacetyl-l,2,3-tris(trifluoromethyl)cyclopropene on heating 
in a Pyrex ampoule to 250°C in the presence of bromine (78TL1015). 



Scheme 93 
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F. Miscellaneous 


Hexafluoroacetone and trifluoromethyl isocyanide react in an unex¬ 
pected way to provide a bicyclic five-membered ring system [87AG(E)921] 
(Scheme 94). 

2,2-Bis(trifluoromethyl)-4,5-difluoro-l,3-dioxole represents the mono¬ 
mer of a new family of amorphous fluoropolymers (Teflon AF, DuPont) 
with unusual properties [89JFC(45)100]. Novel fluorinated 2,2-bis(trifiu- 
oromethyl)dioxolanes containing alkyne groups have been synthesized 
from hexafluoroacetone and propargylic alcohol, bromomethyloxirane, or 
1,2-bis(bromomethyl)oxirane [90MI1; 91 JFC(52) 159] (Scheme 95). 

2-Pentafluoro-2-(2,2,2-trifluoro-l-trifluoromethylethyl)-l,3-dioxolanes ex¬ 
hibit electrical properties that make them useful as electrical insulating 
oils [86JAP(K)61-183281]. 
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I. Introduction and Nomenclature 

Pyrylium (1) and its chalcogen analogs, thiopyrylium (2), selenopyrylium 
(3), and telluropyrylium (4), are the parent structures of an important class 
of six-membered heteroaromatic cations. 



(1) (2) (3) (4) 


The term pyrylium is a well-established trivial name and is used in 
IUPAC nomenclature. The name may be modified by the prefixes thio, 
seleno, and telluro to denote replacement of oxygen by sulfur, selenium, 
and tellurium, respectively. The prefixes thia, selena, and tellura, although 
widely used, especially in the oldest literature, are not recommended by 
IUPAC because they indicate replacement of carbon. Other names for 
structures 2-4, derived from the extended Hantzsch-Widman system, 
are thiinium, seleninium, and tellurinium, respectively. However, ac¬ 
cording to the IUPAC rules for cations, the correctness of the suffix 
“ium” is questionable. The suffix “ylium,” used by some authors (79MI1; 
83HCA2165), would be more accurate, since cation 2, for example, for¬ 
mally derives from a thiin, i.e., a thiopyran, by removal of hydride. Re¬ 
placement nomenclature, according to which structures 2-4 would be 
named thionia-, selenonia-, and telluroniabenzene, is hardly used. Chemi¬ 
cal Abstracts indicates structure 2 as thiopyrylium, and structures 3 and 
4 as seleninium and tellurinium, respectively. 

The chalcogenopyrylium ring is numbered as shown in formula 5. Posi¬ 
tions 2 and 6 may also be denoted by a, positions 3 and 5 by /8, and 
position 4 by y. The anion has been left out in the formula pictures if it 
has no special influence on the chemical or physical properties of the 
chalcogenopyrylium ion. In most cases, however, the anion is a nonnucleo- 
philic one, such as C10 4 “, BF 4 ~, or PF 6 “. 



(5) (6a) (6b) (6 c) 

Chalcogenopyrylium ions have a marked carbocationic character illus¬ 
trated by resonance structures 6b-6c, which suggest pronounced electro¬ 
philic reactivity of a and y positions. Indeed most reactions occur through 
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a nucleophilic attack in position a and/or y to give the corresponding 2 H- 
and/or 4//-chalcogenopyrans. Whereas the reactivity of selenopyrylium 
and telluropyrylium salts is still almost unexplored, that of thiopyrylium 
salts has been investigated, although not as deeply as that of pyrylium 
salts. Generally speaking, the reactivity of thiopyrylium salts resembles 
that of pyrylium salts with two notable differences, namely the lesser 
tendency of 2 H adducts, formed on nucleophilic attack, to undergo ring 
opening and the ability of sulfur to accommodate more than eight electrons 
in its valence shell, leading, in some cases, to the formation of thiabenzene 
derivatives. 

The chemistry of pyrylium salts has been covered in several excellent 
reviews [for leading references, see 82AHC(S)1; 92HOU755], In contrast, 
except for some chapters found in monographs (76MI1; 81MI1) and in 
special articles appearing in less commonly used languages (70MI1; 74MI1; 
75KGS147; 81YGK1; 87MI1), no exhaustive review on the other chalco- 
genopyrylium salts is available. The present review is an attempt to discuss 
the literature covered by Chemical Abstracts upto Vol. 117(1992). Deriva¬ 
tives in which the chalcogenopyrylium ring is fused with an aromatic ring, 
such as thiochromenylium, thioflavylium, and thioxanthylium, and the 
corresponding seleno and telluro analogs, are not covered. Derivatives 
with exocyclic double bonds are also not covered, unless they are involved 
in processes (protonation, alkylation, etc.) yielding chalcogenopyrylium 
ions. 


II. Structure and Physical Properties 

A. Theoretical Calculations 

Thiopyrylium cations have been the subject of a wide variety of theoreti¬ 
cal investigations spanning the complete range of sophistication from sim¬ 
ple Hiickel (HMO) theory to ab initio calculations. The earliest HMO 
treatments of thiopyrylium ion were carried out by Czechoslovak authors 
(59CCC1608; 61TL632; 63CCC1117; 65CCC3016) using either the Lon- 
guet-Higgins d-orbital model or the standard p-orbital model for sulfur 
atom. The two models lead to the same predictions about the reactivity 
of thiopyrylium ion (63CCC1117). Early HMO studies on heterocyclic 
sulfur compounds, among which was the thiopyrylium ion, have been 
reviewed (65AHCI; 67ZC209). 

A satisfactory linear relationship has been found to exist between the 
pK R + values of a series of conjugated carbocations, including thiopyrylium 
(2), and their 7r-electron localization energies calculated by HMO 
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(64JA5630). The apparent increased stability of the sulfur-containing cat¬ 
ions has been ascribed to a lower stability of their corresponding alcohols. 
The obtained pK R + value of the unsubstituted thiopyrylium ion, however, 
has been questioned (Section IV,C,3). 

The long-wavelength electronic absorption frequencies of the thiopyry¬ 
lium ion and a number of polynuclear benzologs have been correlated 
with transition energies calculated by HMO using the standard model for 
sulfur. The values of sulfur parameters have been optimized ( h s = 0.9 
and k cs = 0.6) to give the best linear correlation (67JOC444). An analo¬ 
gous good correlation has been found in the case of selenopyrylium cations 
using the parameters = 1 and A: CSe = 0.7 (76JOC1474). Although the 
application of HMO to charged systems has been criticized (69MI1), a 
linear relation between the HMO transition energies of the above thiopyry¬ 
lium series and those calculated by Pariser-Parr-Pople (PPP) method 
with configuration interaction (Cl) has been found, thus justifying HMO 
as a means of estimating transition energies in the case of thiopyrylium 
derivatives (68JPC3975). A fairly good linear correlation has been found 
between l3 C chemical shifts and net 77-charges calculated by HMO 
(slope = 202 ppm/e) for a series of phenylthiopyrylium cations (84T3549). 
Correlations between HMO energy levels and redox potentials, as well 
as between HMO energy gaps and transition energies, have been estab¬ 
lished for a series of y-thio- and -y-seleno-pyrylocyanines (84MI1). 

The absorption spectra of the thiopyrylium cation and derived con¬ 
densed ring systems are very well reproduced by PPP theory. The oscilla¬ 
tor strengths of thiopyrylium, as estimated from the maximum extinction 
coefficient and half-widths are, however, too high by a factor of approxi¬ 
mately 3 (68JPC3975). The same authors carried out PPP calculations 
on a series of pyrylium, thiopyrylium, and selenopyrylium derivatives 
comparing the results with experimental near UV and visible spectra. In 
most cases spectral features are well reproduced. The bathochromic shift 
observed along the series O-S-Se is explained by decrease of overlap be¬ 
tween p-orbitals of the heteroatom and carbon (68TCA247). PPP calcula¬ 
tions have also been used to evaluate alternative 77-models for conjugated 
heterocycles, among which are pyrylium, thiopyrylium, and selenopyry¬ 
lium (79MI2). 

A detailed PPP-CI investigation of the unsubstituted pyrylium and thio¬ 
pyrylium cations has been carried out by Japanese authors (72T5873). 
Electronic transition energies, oscillator strengths, 77 -orbital energies, 77- 
electronic distributions, and 7r-bond orders were reported. From the 
amount of decrease of the positive charge on the heteroatom, the contribu¬ 
tion of carbocationic resonance hybrid structures has been found to be 
14.6% for thiopyrylium and 28.4% for pyrylium. 
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The PPP method has been extensively used for calculating the electronic 
absorption spectra of a number of substituted thiopyrylium ions. The 
substituents taken into account were mercapto (68TCA319), methyl 
(71T4705), phenyl (72CCC1520; 75MI1), /wa-aminophenyl (80JPR1), 
para-methylphenyl (72CCC1520), oxo (73JPR690; 87MI2), and thioxo 
(87MI2). 

On the basis of PPP calculations, a mechanism for the sensitization 
of poly(vinylcinnamate) and poly(vinylcinnamylideneacetate) by 2,4,6- 
triphenylpyrylium and -thiopyrylium has been proposed (73CCC1668). 
With both polymers, the thiopyrylium salt is a more effective sensitizer 
than the corresponding pyrylium salt (72CCC1520). 

Yoshida and co-workers have carried out a normal coordinate analysis 
for the in-plane and out-of-plane vibrations of thiopyrylium and pyrylium 
cations, in order to elucidate their infrared spectra (74T2099). The differ¬ 
ence between the IR spectra of thiopyrylium and pyrylium has been attrib¬ 
uted first to the mass effect of the heteroatom and second to the smaller 
contribution of the carbonium ion structures in the former ion than in the 
latter. 

Semiempirical MNDO calculations have been carried out on model 
pyrylium and thiopyrylium systems (88MI1). The calculated HOMO- 
LUMO gap in the gas phase correlates well with experimental absorption 
maxima obtained in solution. Ionization potentials and electron affinities 
predicted by Koopmans’ theorem with MNDO orbital energies do not 
track the observed trends in the experimental redox values. In contrast 
these are paralleled by the trends predicted by A H° values calculated by 
MNDO and AMI for the open-shell and closed-shell species. 

The question whether d-orbitals play an important role in the ground 
state bonding of thiopyrylium ion has aroused much controversy. Palmer 
and Findlay, using a nonempirical method involving linear combination 
of gaussian orbitals, concluded that sulfur 3 d orbitals appear to behave as 
polarization functions rather than bonding orbitals in the normal chemical 
sense, and therefore, they are used only to a trivial extent (72TL4165). 
In contrast with this view, Yoshida and co-workers pointed out that the 
'H NMR spectra of thiopyrylium, pyrylium, and N-ethylpyridinium pro¬ 
vide clear evidence of 3J-orbital participation in the former cation, as 
illustrated by resonance hybrids 7a and 7b. To support their view, they 



(7a) 


(7b) 
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carried out extended Hiickel (EHMO) calculations using two basis sets, 
one with and another without sulfur 3 d orbitals, and concluded that sulfur 
3 d orbitals are important to the bonding scheme of the thiopyrylium cation 
(73T2009). Palmer and co-workers replied that the electronic populations 
obtained by EHMO are physically unrealistic and explained the 'H NMR 
observations on the basis of intramolecular electric fields and a greater 
ring current, due to its greater aromatic character, in the case of thiopyry¬ 
lium ion [75JCS(P2)841 ]. Sandor and Radies calculated isotropic spin-spin 
coupling constants between spin-half nuclei for pyrylium, thiopyrylium, 
and selenopyrylium ions by the semiempirical SCPT-INDO method 
(85MI1). Apart from two-bond interactions, the theoretical values satisfac¬ 
torily reproduced the signs, magnitudes, and the experimentally observed 
dependencies of the coupling parameters on the nature of the heteroatom. 
From comparison of the theoretical couplings calculated by means of sp 
and spd basis sets, it became evident that inclusion of d orbitals of sulfur 
or selenium atoms has only minor effects on theoretical coupling values. 
The coupling most affected is 7(H2, H6), thus suggesting that the primary 
effect of d orbitals is polarization of the atomic orbital of a protons (Section 
II,C,2,a). 

Charge distribution plays an important role in determining the reactivity 
of pyrylium and thiopyrylium cations, as shown in Fig. 1 (calculated from 
data given in Palmer et al. [75JCS(P2)841]). Because most of the positive 
charge is absorbed by protons, it seemed to be more appropriate to con¬ 
sider the total charge as partitioned among the heteroatom and the CH 
fragments. The reported values refer to an sp basis set in the case of 
pyrylium and to an spd + 3s' basis set in the case of thiopyrylium. In 
the latter case the values referring to an sp basis set are reported in 
parentheses. Comparing the results of the two basis sets in the case of 
thiopyrylium, it appears that the charge at the j8 position is practically 
unchanged, thus suggesting an insignificant contribution of resonance hy¬ 
brids 7a and 7b. Moreover, it appears that inclusion of 3 d orbitals yields 
a more even charge distribution. This has been recognized by other authors 



0.17 (0.18) 

0.11 (0.11) 


0.28 (0.42) 


Fig. 1. Net charges at heteroatom and CH fragments of pyrylium and thiopyrylium ions 
(see text for further explanations). 
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as well (76KGS1627). Comparing the charge distribution in pyrylium and 
thiopyrylium ions, it appears that, in keeping with the higher electronega¬ 
tivity of oxygen vis-a-vis sulfur, the former cation has more carbonium 
ion character than the latter. Moreover, whereas in thiopyrylium a and 
y positions have a similar charge density, in pyrylium the a position is 
significantly more densely charged than the y one. 

Various theoretical criteria have been suggested for establishing the 
aromatic character of the thiopyrylium ion. Yoshida and co-workers, on 
the basis of a normal coordinate analysis of vibrations and IR spectra, 
suggested that thiopyrylium is more aromatic than pyrylium (74T2099). 
Palmer and co-workers, taking into account the separation of the inner pair 
of 7r-electrons from the average of the quartet as evaluated by nonempirical 
calculations, gave the following order of aromaticity in the series of six- 
membered heteroaromatic rings of type 5 as a function of Z: 
CH >N>S + >P>0 + > NH + [75JCS(P2)841 ]. Using ab initio float¬ 
ing gaussian orbital calculations to evaluate the rr-electron contribution 
to the molar susceptibility anisotropy and choosing benzene as the proto¬ 
typical aromatic system, Blustin gave the following order of aromaticity 
as a function of Z: CH > S + > N = P > SiH = 0 + (79CPL347). Heats 
of formation derived from the AMI semiempirical method were used by 
Dewar and Holder to determine the aromatic energies of a number of 
heteroaromatic systems. For six-membered heteroaromatic rings, they 
gave the following order of aromatic energies as a function of Z: 
CH > PH + > S + > P > N > SiH « 0 + > NH + (89H1135). 

Other theoretical calculations that have been reported are MNDO stud¬ 
ies of thiopyrylium (88MI2), 4-hydroxythiopyrylium, and 4-mercaptothio- 
pyrylium [84ZN(A)267]; quantum chemical studies of thio- and seleno- 
pyrylocyanines having polymethine chains of variable length (73T2597, 
73T2609 ; 81MI3; 86ZOR170; 88MI1, 88M13; 91MI1, 91MI2); calculated 
hydride ion affinities for correlating observed hydrogen transfers and dis¬ 
proportionations oi2H- and 4//-thiopyrans (77KGS1206), and an ab initio 
calculation of 33 S nuclear quadrupole coupling constants of thiopyrylium 
using a triple zeta valence + polarization basis set [92ZN(A)203]. 


B. X-Ray Structures 

The size of the chalcogens increases from a covalent radius of 0.73 A 
for oxygen to 1.36 A for tellurium. Thus the substitution of the larger 
chalcogens for oxygen in the pyrylium ring should alter the geometry of 
the ring. In particular the larger C—Z (Z = S, Se, Te) bond lengths 
relative to the C—O and C—C bond lengths should make the C2—Z—C6 
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bond angle markedly smaller than the nearly 120° C2—O—C6 bond angle 
found in pyrylium ions [82AHC(S)200-203]. The results of the few X-ray 
studies available on chalcogenopyrylium ions confirm the expectations. 

The structure of the cocrystalline complex of bisphenol-A polycarbonate 
with 2,6-diphenyl-4-p-(dimethylamino)phenylthiopy rylium perchlorate 
shows that all four rings of the cation are planar but not coplanar (78MI1). 
The planes of the aryl substituents in the 2, 4, and 6 positions have 
dihedral angles of 37.7°, 12.4°, and 4.3°, respectively, with respect to the 
thiopyrylium plane. The nitrogen atom is coplanar with its three carbon 
neighbors and the plane of the dimethylamino group is nearly coplanar 
with the attached benzene ring (2.6° dihedral angle). This suggests that 
the quinoid resonance form must be important. Selected bond lengths and 
bond angles are reported in Fig. 2A. 

The crystal structure of [(2,4,6-triphenylthiopyrylium) + (Cu 2 I 3 )“] has 
been determined at - 120°C (82MI2). The cations are disordered over three 
orientations, so the accuracy of the heterocycle geometrical parameters is 
rather small. The heterocycle is approximately planar. The planes of the 
phenyl substituents in the 2, 4, and 6 positions form the dihedral angles 
16.6°, 15.8°, and 15.9°, respectively, with the mean plane of the heterocy¬ 
cle. Selected bond lengths and bond angles are reported in Fig. 2B. 

Symmetrical tetra-/m-butyl-substituted thiopyrylium monomethine 
perchlorate has been shown to be present in the Z,Z conformation both 
in solution (88KGS167) and in the solid state (90MI1; 91M12). The X-ray 
structure shows that the two rings are nearly coplanar (1.2° dihedral angle) 

NMe 2 



A B 

Fig. 2. Selected bond lengths (in A) and bond angles (in 
degrees) for 2,6-diphenyl-4-p-(dimethylamino)phenylthiopyry- 
lium ion (A) and 2,4,6-triphenylthiopyrylium ion (B). 
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A B 

Fig. 3. Selected bond lengths (in A) and bond angles (in degrees) for a thiopyrylium- 
thiopyrylium (A) and a telluropyrylium-pyrylium (B) monomethine dye. 


and have practically identical structural features. These are reported in 
Fig. 3A. Stabilization of the Z,Z conformation has been attributed to the 
presence of electronic interactions between the sulfur atoms. In contrast 
the corresponding pyrylo analog has been shown to be present in the Z,E 
conformation both in solution (88KGS167) and in the solid state (91MI2; 
92M1ZSK139) (Section II,C,2,a). The mixed pyrylo-thiopyrylo derivative 
shows a Z,Z conformation in the solid state (91MI2; 92M1ZSK139). 

No crystal structure is available for selenopyrylium cations. 

The structure of a tetraphenyl-substituted telluropyrylium-pyrylium 
monomethine fluoroborate shows that the telluropyrylium ring is signifi¬ 
cantly distorted from the pyrylium ring (88MI1). The pyrylium ring is bent 
4.2° out of plane along the O-Cy axis, whereas the telluropyrylium ring 
is bent 8.7° out of plane along the Te-Cy axis. Selected bond lengths and 
bond angles are reported in Fig. 3B. Noteworthy is the small C2—Te—C6 
angle (94.3°). 


C. Spectroscopic Properties 
1. Optical Spectra 

a. Absorption Spectra. Detailed UV spectra of unsubstituted pyry¬ 
lium (1), thiopyrylium (2), and selenopyrylium (3) have been reported by 
Degani and co-workers (64G203). Data about the absorption maxima are 
reported in Table I. Yoshida and co-workers have shown that 2 in water, 
in contrast with 1, gives a third absorption maximum in the vacuum UV 
(X max = 195 nm; e not given) (72T5873). The reported UV spectra of 
chalcogenopyrylium ions lack vibrational structure. 
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TABLE I 

UV Spectral Data of Pyrylium, 
Thiopyrylium, and Selenopyrylium, 
Perchlorates in Acetonitrile" ' 1 


Compound 

Band I 

X mal , nm (log b) 

Band II 
nm (log b) 

1 

270 (3.97) 

219 (3.21) 

2 

284 (3.54) 

245 (3.76) 

3 

300 (3.50) 

267 (3.86) 


" Containing 1% of 70% aqueous HOO,. 
b Degani et al. (64G203). 


The absorption bands can be correlated to those of benzene (72T5873): 
the transition to the lowest energy level (band I in Table I) is the equivalent 
of the 1 B 2u <— { A Xg transition of benzene at 256 nm ( l L b band in Platt 
notation), and the much greater intensity in chalcogenopyrylium ions must 
depend on the lower symmetry of these compounds (point group C 2lI ). 
This transition in chalcogenopyrylium ions is 'B x <— 'A,; it is allowed in 
the molecular plane and perpendicular to the twofold rotation axis. Since 
the x L b band becomes less and less forbidden with increasing electronega¬ 
tivity of the heteroatom, the extinction coefficient increases in the order 
3,2,1. The 'L b band is also shifted bathochromically in the same order. This 
has been interpreted in terms of the effectiveness of 7r-overlap between the 
heteroatom and the carbon 77 -framework (68TCA247). The transition to 
the second lowest energy levels (band II) is 'A, <- 'A,; it is polarized 
along the twofold rotation axis and corresponds to the ‘B ll( <— 'A Ig ('L a 
band in Platt notation) transition of benzene at about 200 nm. The 'L a 
band also shows a bathochromic shift but, in contrast with the l L b band, 
appears to be shifted hyperchromically in going from 1 to 3. The 
x E Xu <— l A Xg transition of benzene at 180 nm is split to give ‘A, 'A, and 

'B, <— 'A, transitions in chalcogenopyrylium ions {'B b and ] B a in Platt 
notation). These cation transitions and the removal of degeneracy are 
permitted due to a decrease of the symmetry elements from D bh to C 2u . 
PPP calculations have shown that the transition at 195 nm in 2 is due to 
the 'jB, <— ‘A, transition (72T5873). No low-energy n —> tt* transitions 
have been evidenced in chalcogenopyrylium ions. 

Early studies on the absorption of substituted thiopyrylium derivatives 
were carried out by Wizinger and co-workers (56HCA207, 56HCA217; 
66HCA2046), who investigated the longest-wavelength absorption maxima 
of aryl thiopyrylium and thiopyrylocyanines, most of which had auxo- 
chromic groups in the para position. 
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TABLE II 

Long-Wavelength Absorption Maximum of Some Substituted 
Chalcogenopvrvlium Ions" 


Substituents 


Heteroatom 2,6 4 Counter-ion A, nm log e Solvent Ref. 


0 

S 

Se 

Te 

O 

s 

Te 

O 

s 

Se 

O 

s 

Se 

O 

s 

Te 

O 

s 

Se 

O 

S 

Se 

Te 


H p-NMe,C 6 H, 

H p-NMe,C 6 H 4 

H p-NMe 2 C 6 H 4 

Bu' H 

Bu' H 

Bu' H 

C„H, H 

c„h, h 

C„H, H 

C„H, Me 

C 6 H, Me 

C„H, Me 

C*H, OMe 

C„H S OMe 

C 6 H, OEt 

C,.H, C 6 H, 


C„H S C 6 H, 


CI0 4 500 4.73 

516 4.78 

CI0 4 536 4.65 

558 4.77 

PF„ 591 4.95 

PF t 628 4.90 

C10 4 293 3.95 

CIO, 310 3.98 

PF ft 345 3.92 

CIO, 400 4.44 

416 4.12 

CI0 4 404 4.27 

419 4.11 

C10 4 420 4.33 

CIO, 389 4.24 

CIO, 394 4.27 

CIO, 410 4.33 

CIO, 355 4.41 

CIO, 361 4.14 

FSO, 385 4.20 

BF, 405 4.48 

417 4.43 

BF, 405 sh 4.34 

420 sh 4.36 

CIO, 390 4.44 

BF, 542 4.89 

550 4.91 

BF, 583 4.82 

592 4.83 

BF, 603 4.80 

620 4.81 

BF, 636 4.76 

653 4.83 


CHjCN 76JHC1089 
CHjCI; 76JHCI089 
CHjCN 76JHC1089 
CHjCI, 76JHC1089 
CHjCIj 92M12 
CHjClj 92MI2 
CHjOH 85UP1 
CH,OH 85UP1 
CHjCI, 88MI4 
CH,CN 83BSF(2)115 
CHjCI, 75M11 
CHjOH 85UPI 
CH,CI, 75MI1 
CH,CN 73KGS857 
CH jOH 85 UP I 

CHjOH 85UP1 
CH,CN 73KGS857 
CH,OH 81JA6I48 
CHjOH 85UP1 
CH,CI, 82JOC5235 
CHjCN 80JA299 
CHjCI; 80JA299 
CH,CN 80JA299 
CHjCI, 80JA299 
CH,CN 73KGS857 
CH,CN 88M1I 
CHjCI, 88MI1 
CHjCN 88MII 
CHjCI; 88MI1 
CHjCN 88MI1 
CHjCI, 88MI1 
CHjCN 88MI1 
CHjCI, 88MII 


“ Substituents in positions 2 and 6 are identical. Positions 3 and 5 are unsubstituted. 
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In Table II are reported the spectral aata of some series of chalcogeno- 
pyrylium ions possessing the same substitution pattern. It has been pointed 
out, in the case of pyrylium ions [82AHC(S) 173-80], that on increasing 
the conjugative capacity of a and y substituents, bathochromic and hyper- 
chromic effects are observed. In particular, whereas a substituents mainly 
affect the l L b band, y substituents practically only affect the l L a band. 
The latter effect is such that when the y substituent has a conjugative 
capacity significantly greater than the a substituents, the 'L a band appears 
at longer wavelength than the 'L b band. The same behavior is shown by 
the chalcogen analogs of pyrylium. 

From Table II it appears that the long-wave absorption maximum is 
increasingly shifted at longer wavelengths in the order O, S, Se, Te. 2,4,6- 
triphenyl-substituted cations 8-10 appear to be an exception, but the 
seemingly hypsochromic shift in going from O to Se is probably due to a 
simultaneous bathochromic shift of the 1 L a band and hypochromic shift 
of the y L b band. The latter appears as a shoulder of the 'L a band in 9 and 
is probably submerged by the 'L a band in 10. Thus X max refers to the 'L b 
band for cations 8 and 9, and to the 'L a band for cation 10. 



(8) Z = O 

(9) Z = S 
(10) Z= Se 


Solvent effects are evident on changing the dielectric constant of the 
solvent, as indicated in Table II for absorption maxima in CH 2 C1 2 and 
CHjCN. The solvent with higher dielectric constant (CH 3 CN, e ~ 38) 
gives a hypsochromic shift relative to the lower dielectric solvent (CH 2 C1 2 , 
e ~ 9). The solvent effect has been explained in terms of the higher dielec¬ 
tric constant solvent stabilizing the polar ground state more than the 
nonpolar first excited singlet state, resulting in a blue shift in absorption 
(80JA299; 88MI1). 

Satisfactory linear relationships have been reported between the energy 
of the longest absorption maximum of a number of chalcogenopyrylium 
ions and the corresponding difference £° ox - £° red , thus suggesting that 
the HOMO-LUMO gap should be directly proportional to the energy of 
the absorption maximum (88MI1). 

The values of X max of some 2- and 4-( p-phenyl-substituted) pyrylium 
and thiopyrylium ions have been correlated with Hammett substituent 
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constants cr p and (r p * , in order to obtain, by interpolation, the substituent 
constants of the tetramethylguanidino group (92CJC2390). 

Electronic spectra of 5,6-tri- and tetramethylenepyrylium and thiopyry- 
lium salts have been investigated in different solvents (85KGS198). 

Spectral properties of cyanine dyes incorporating chalcogenopyrylium 
nuclei at the ends of a polymethine chain, like 11 and 12, have been 
investigated in great detail, especially by the group of Tolmachev and by 
Kodak’s researchers; however, an account of the work done in this area 
is outside the scope of this review, and we limit ourselves to some general 
observations. Chalcogenopyrylium nuclei give large bathochromic shifts 
when incorporated in methine and polymethine dyes, much larger than 
other heterocyclic nuclei, resulting in absorption bands of high intensity 
in the visible and near-IR regions. Sequential bathochromic shifts are 
observed as the chalcogen atoms become heavier (74KGS53; 80UKZ1186; 
82JOC5235; 84MI1; 88MI1). Each additional ethylene of separation be¬ 
tween the two ends of the dye gives approximately a 100-nm bathochromic 
shift. The magnitude of this shift appears to be independent of the heteroat¬ 
oms in the dye framework (82JOC5235). Pyrylo- and thiopyrylo-cyanines 
12 (Z, Y = O, S; n = 1,2) absorb at a longer wavelength and have a 
greater bandwidth than the corresponding y,y' isomers 11 (80KGS898; 
84MI2); a,y' isomers display an intermediate behavior (84MI2). 

Hypsochromic shifts and band broadening have been observed for 
11 (Z, Y = MeN, O, S, Se; n = 0, 1, 2) on changing the solvent from 
CH 2 C1 2 to CH 3 N0 2 (80UKZ1186). A study of the dependence of UV-vis 
absorption-band widths, vinylene shifts, and oscillator strengths of 11 
(Z = S, Y = Se; Z = O, Y = S, Se; Z = MeN, Y = O, S, Se; 
n = 0-2) on n has been made by quantum-chemical analysis of quadratic 



(it) 



(12) 
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variations in bond orders on excitations (81MI3). Investigation of electron 
transitions in pyrylocyanines and their heteroanalogs has shown that the 
first transition is localized within the polymethine chain, and the higher 
ones are mainly localized within the end groups (91MI1). Vibronic interac¬ 
tion and shape of electron absorption bands have been also investigated 
(91UKZ1166). 

Information on IR absorptions of chalcogenopyrylium ions is scarce. 
IR spectra of unsubstituted pyrylium (1) and thiopyrylium (2) have been 
reported by Yoshida et al. together with a normal coordinate analysis for 
the in-plane and out-of-plane vibrations (74T2099). Cation 2 yields lower 
absorption in wave number than 1 because of the mass effect of the 
heteroatom. The main reason for the difference in the IR spectra between 
benzene and heterocycles 1 and 2 is ascribed to the contribution of the 
carbonium ion structures in the latter cations. This contribution is larger 
in 1 than in 2 because of the electronegativity of the heteroatom (Section 
II,A). 

Electronic and IR spectra of the bithiopyrylium 13 (Z = S, R = Ph), 
bithiopyranylidene 14 (Z = S, R = Ph), and polyiodide complexes of the 
latter have been analyzed as a function of charge-transfer degree and 
temperature (90MI2). 



b. Emission Spectra. Although the fluorescence of arylthiopyrylium 
salts is evident both in solution and in the solid state (56HCA207), few 
studies have been dedicated to the subject. A detailed study of the emission 
properties of cations 15 and 16 has been carried out by Wintgens et al. 
[83BSF(2)115], The authors reported for the two cations, the wavelength 
of the fluorescence maximum, the lifetime of the singlet excited state, 
and the fluorescence quantum yield at 20°C in CH 3 CN. Moreover, they 
reported the wavelength of the phosphorescence maximum and the life¬ 
time of the triplet state at -196°C in C 2 H 5 OH. The results indicate that 
the ~3 times lower fluorescence yield of 16 is due to a greater effectiveness 
of the forbidden transition singlet-triplet. Accordingly the phosphores¬ 
cence intensity of 16 is —50 times more important than that of 15. Overall 
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(15) Z=0 

(16) Z = S 

the results suggest that the spin-orbit coupling is exalted by the presence 
of sulfur in 16. 

Wavelengths of the fluorescence maximum as well as fluorescence quan¬ 
tum yields in CH 2 C1 2 have been reported for the couples of cations 8, 9 
and 17, 18 (75MI1). This study also indicates that thiopyrylium ions are 
less fluorescent, in terms of quantum yield, than pyrylium cations. Fluores¬ 
cence and phosphorescence spectra of 9 have been discussed also in 
relation to the formation of charge-transfer complexes (74BCJ442). 



(17) Z= O 

(18) Z= S 

(19) Z = Se 

(20) Z = Te 

Pyrylium and thiopyrylium salts show interesting emission properties 
when incorporated in a rigid polymeric matrix (85MI2). In addition to a 
strong rapid fluorescence emission, a delayed fluorescence is observed 
that cannot be detected in solution, even at -196°C. 

Other studies that have been reported regard spectral and luminescent 
properties of some pyrylium and thiopyrylium salts (86MI1), emission 
properties of y.y'-chalcogenopyrylotrimethine cyanine dyes (90JA3845), 
and the effect of the polymethine chain length on the fluorescence spectra 
of symmetrical chalcogenopyrylocyanine dyes (92MI3). 

c. Charge-Transfer Spectra. Few studies have been carried out on 
charge-transfer (CT) absorption bands involving thiopyrylium cations as 
electron acceptors, and none involving selenopyrylium and telluropyry- 
lium cations. 

2,4,6-Triphenylthiopyrylium tricyanomethanide (9 • TCM) and 1,1,3,3- 
tetracyanopropen-3-ide (9 ■ TCP) show a CT band in CHC1 3 centered at 
566 and 595 nm, respectively (70BCJ3101). The CT band of the correspond- 
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ing pyrylium salts, 8 ■ TCM and 8 • TCP, is centered at 538 and 570 nm, 
thus indicating a smaller electron affinity of the pyrylium cations. The 
band is sensitive to the polarity of the solvent; an increase of the latter 
causes the absorption maximum to shift toward a shorter wavelength. 
This is expressed quantitatively by the linear correlation observed between 
Kosower 2-values and the energy of the CT band of 9 ■ TCP in various 
solvents. The CT band in the solid is at a shorter wavelength compared 
with that in solution. 

The effect of temperature on the CT band of 9 ■ TCP has been studied 
in a mixture 2-methyltetrahydrofuran-toluene 9:1 (74BCJ442). The CT 
absorption maximum shows a blue shift of 45 nm at -46°C and 120 nm 
at -196°C from the position of this band at room temperature. Such a 
shift has been explained as being due to the increase of solvent polarity 
at low temperature. A considerable decrease in absorbance of the CT 
band occurs together with the blue shift. 

The emission spectrum of 9 • TCP has been studied revealing a CT fluo¬ 
rescence both in the solid state and in nonpolar rigid solution at - 196°C, 
but not in fluid solution (74BCJ442). The CT complex 9 ■ TCP in the 
solid state shows exclusively a CT fluorescence, the emission from the 
component ions being completely quenched. 

Cations 8 and 9 have been found to give CT complexes in CH 2 C1 2 
also with a number of neutral donors, among which were diethylaniline, 
diphenylamine, triphenylamine, anthracene, and phenothiazine (77MI1). 
The energy of the CT band of the complexes of 9 reported against E m ox 
of donors gives a roughly linear correlation as predicted by the theory. 
Analogous to the behavior of 9 • TCP, when the CT complex 
[Ph 3 N ■ 9] + C10 4 ~ is excited in the solid state only the CT emission is 
observed. 

The unsubstituted thiopyrylium ion (2) has been found to form CT 
complexes in CH 3 CN with both olefins and aromatic hydrocarbons 
(72CL17; 75BCJ1519). Two CT absorption bands have been observed in 
the former case, and one in the latter. The slope obtained by the plot of 
the CT transition energies vs the ionization potentials of donors is 0.27 
for the olefin complexes and 1.04 for the aromatic hydrocarbon complexes. 
These slopes suggest that 2 interacts with olefins more strongly than with 
aromatic hydrocarbons. Strong interactions in the olefin complexes would 
manifest themselves also in the appearance of two CT bands. These have 
been ascribed to electronic transitions from the HOMO of the olefin donor 
to the lowest and the second lowest vacant orbital of 2. The CT absorption 
frequencies of the complexes of 2 with olefins and aromatic hydrocarbons 
have been used to calculate their heat of formation by an empirical relation 
(81MI4). 
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Thiopyrylium cations 9,18, 21, and 22 form CT complexes with azide 
anion in acetonitrile (84T3539). The energy of the CT band of the complex 
formed by 21 and N 3 ~ in various solvents gave a good linear correlation 
with the Reichardt E T solvent parameter. 


R 2 



(21) R 1 = Ph, R 2 = H 

(22) R 1 = H, R 2 = Me 


2. Nuclear Magnetic Resonance Spectra 

a. ‘H NMR Spectra. 'H NMR data for the unsubstituted pyrylium 
(1), thiopyrylium (2), and selenopyrylium (3) cations in acetonitrile solu¬ 
tion have been reported by Degani et al. (65MI2) and by Sandor and 
Radies (81 OMR 148). Chemical shifts and coupling constants obtained 
from iterative analyses using AA'BB'C approximation are summarized in 
Table III. The most remarkable fact about the chemical-shift data is the 
substantial decrease in the shielding of the a protons (H2, H6) on chang¬ 
ing the heteroatom along the series O-S-Se. Since the trend is opposite 
what might be expected on the basis of calculated charge densities 


TABLE III 

'H Chemical Shifts ' 1 (ppm) and 'H, 'H 
Coupling Constants (Hz) of Pyrylium, 
Thiopyrylium, and Selenopyrylium 
Fluoroborates in CDjCN* 



1 

2 

3 

8 (H2) 

9.58 

10.08 

10.98 

8 (H3) 

8.38 

8.87 

8.77 

8 (H4) 

9.20 

9.05 

9.03 

V (H2.H3) 

4.21 

8.73 

8.95 

V (H2, H4) 

1.84 

1.06 

1.12 

S J (H2.H5) 

1.00 

0.89 

0.95 

A J (H2,H6) 

0.40 

3.45 

3.08 

} J (H3,H4) 

8.11 

8.47 

8.80 

*J (H3.H5) 

1.46 

0.82 

0.53 


“ Relative to TMS. 
b Sandor and Radies (81QMRI48). 
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[75JCS(P2)841], the low proton shieldings in thio- and seleno-pyrylium 
ions have been rationalized by taking into account the magnetic suscepti¬ 
bility anisotropy effects of the heteroatoms. Dependent on the periodic 
number of the heteroatom and intemuclear distances, anisotropy effects 
are expected to be more pronounced in the a positions and increase 
with heavier heteroatoms. At the /8 position, anisotropy effects have no 
sizable (if any) influence, as suggested by the fact that the H3, H5 chem¬ 
ical shift has its highest value in thiopyrylium. The chemical shift of 
the y protons (H4) clearly reflects the partial charge at this position, 
which decreases in the order O, S, Se. Proton-proton couplings in the 
cations seem primarily affected by the electronegativity of the heteroatom 
(810MR148). 

By considering the chemical shift of the /8 protons of pyrylium and 
thiopyrylium, Yoneda et al. suggested that resonance structures 7a and 
7b involving (p-d)--ir interactions contribute substantially to the ground 
state of thiopyrylium (73T2009). According to these structures, (p-d)--n- 
interactions increase electron deficiency of the /3 position and alter the 77- 
bond orders of S—C2 and C2—C3 bonds. Theoretical calculations have 
shown that 3d-orbitals play the role of polarization functions rather than 
strongly bonding orbitals (Section II,A). However, the effect of (p-d)-TT 
interactions on some parameters is probably nonnegligible. Indeed com¬ 
parison of experimental data for thiopyrylium and selenopyrylium is illumi¬ 
nating. Electronegativities of sulfur and selenium are very similar but 
interaction between p and d orbitals is more favorable for sulfur. In 
agreement with the expectations the chemical shift at the /3 position and 
the coupling through the heteroatom [ 4 J(H-2,H-6)] exhibit higher values 
in thiopyrylium than in selenopyrylium (810MR148). Moreover, 
SCPT-INDO calculations on pyrylium, thiopyrylium, and seleno¬ 
pyrylium, with sp and spd basis sets, show that the inclusion of d-orbitals 
gives a better agreement between the experimental and the calculated 
values of 4 J(H-2,H-6) (85MI1). 

The 'H NMR spectrum of selenopyrylium in CF 3 C0 2 D has been also 
reported (750MR588); however, some of the pertinent transitions proba¬ 
bly have been incorrectly assigned (810MR148). 

The less substituted telluropyrylium cation, whose 'H NMR spectrum 
is available, is the 4-(p-dimethylaminophenyl) derivative 24; 'H NMR 
data in CD 2 C1 2 for the heteroaromatic ring protons of 24 are 8(H2) = 
10.60, 8(H3) = 8.80, V(H2,H3) = 11.6 Hz (92MI2). It is interesting to 
compare these data with those for the seleno analog 23: 8(H2) = 9.48, 
8(H3) = 8.61, 3 J(H2,H3) = 10.6 Hz (92MI2). Apart from the increase of 
8(H3) in going from 23 to 24, the trends of 8(H2) and 3 /(H2,H3) are those 
expected on the basis of the data reported in Table III. 
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(23) Z= Se 

(24) Z= Te 

NMR data for the series of 2,6-di-rm-butyl chalcogenopyrylium ions 
25-28 are summarized in Table IV. Noteworthy is the increase of 3 J(H- 
3,H-4) on changing the heteroatom from selenium to tellurium. 



(25) Z = 0 

(26) Z = S 

(27) Z= Se 

(28) Z= Te 

The chemical shift of the methyl group in methyl-substituted pyrylium, 
thiopyrylium, and selenopyrylium cations is reported in Table V. Whereas 
for pyrylium and thiopyrylium the order of chemical shift of methyl 
group is: a > y > /?, in the case of selenopyrylium the order is a > 
P > y. The presence of additional methyl groups causes only small 

TABLE IV 

'H Chemical Shifts" (ppm) and 'H, 'H Coupling 
Constants (Hz) of 2,6-Di-/c/7-butyl 
Chalcogenopyrylium Hexafluorophosphates 4 


8(H3) 8.10 

S <H4) 9.09 

S (/-Bu) 1.58 

'J (H3.H4) 8.2 


8.69 8.55 8.50 
8.94 8.93 8.97 
1.65 1.69 1.68 
8.5 8.8 9.6 


“ Relative to TMS. 
4 Deny (88MI4). 

‘ Solvent: CD 2 CL. 
d Solvent: CDC1 3 . 
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TABLE V 

'H Chemical Shifts 0 (ppm) of the 
Methyl Group in 2-,3-, and 4-Methyl 
Pyrylium (O), Thiopyrylium (S), and 
Selenopyrylium (Se) Perchlorates' 1 


O S Se 


8 (Me2) 2.92 3.17 3.19 

8 (Me3) 2.46 2.83 2.82 

8 (Me4) 2.75 2.92 2.75 

0 Relative to TMS. 

b Solvent: CH 3 CN containing 1% of 70% aque¬ 
ous HC10 4 . Values taken from Degani el at. 
(67MI2). 


chemical-shift variations with respect to the values reported in Table V 
(74UKZ287). The chemical shift of the y-methyl group in 2,6-di-tm-butyl- 
4-methylteliuropyrylium fluoroborate is 2.53 ppm in CDC1 3 (86MI2) and 
2.56 ppm in CD 3 CN (88MI1), i.e., ca. 0.2 ppm at higher magnetic field 
than the y-methyl group in selenopyrylium ions. No other information is 
available about methyl groups in telluropyrylium derivatives. 

In phenyl-substituted pyrylium ions, ortho protons of a- and -y-phenyl 
groups resonate at lower fields than meta and para protons; in thiopyry¬ 
lium derivatives the separation between the ortho signals and the meta 
and para ones is lower and not always appreciable; in selenopyrylium 
derivatives it is decidedly not significant (74UKZ287). 

'H NMR data have been reported for 2,6-dimethyl- and 2,6-diphenyl- 
4//-pyran-4-one and -thiopyran-4-one and -selenopyran-4-one, in their 
neutral and protonated forms (75MI2). 

A certain number of chemical problems has been faced and resolved 
by ‘H NMR spectroscopy. The kinetics of deuterium exchange in the 
methyl groups of some pyrylium, thiopyrylium, and pyridinium salts has 
been studied in methanol. The activating effect of the heteroatoms changed 
in the sequence O > S > N. In the pyrylium and thiopyrylium salts, the 
mobility of the protons of the -y-Me group was greater than that of the a- 
Me group (69MI2). 

The addition of methoxide ion to pyrylium and thiopyrylium cations has 
been studied in various solvents (80JOC5160). Kinetic and thermodynamic 
regioselectivities for the methoxide addition have been obtained in metha¬ 
nol at -40 and 25°C, respectively [86JCS(P2)271], 
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'H and l3 C NMR spectra indicate that 2,6-dimethyl-4//-pyran-4-one 
and -thiopyran-4-one in HS0 3 F-SbF 5 solution are doubly protonated at 
the exocyclic oxygen atom [81 JCS(P2)812]. 

Symmetrical tetra-/m-butyl-substituted pyrylium and thiopyrylium mo- 
nomethine dyes have been shown by 'H NMR to be mainly present in 
solution in the conformation E,Z (29) and Z,Z (30), respectively 
(88KGS167) (Section II,B). Conformational analysis of monomethine and 
trimethine cyanine dyes containing pyrylium and thiopyrylium nuclei has 
been also carried out using nuclear Overhauser effect (89MI1). 



(29) (3(1) 

Dication 31, formed by protonation of the corresponding thiopyrylium 
monomethine dye at the methine carbon, has been shown by 'H NMR to 
be present in solution in two conformations, each giving distinct resonance 
signals [80BSF(2)434], 



Me Me 

(31) 


'H NMR spectra of CF 3 C0 2 H solutions of cyanine dyes 11 (Z = Y = 
0,S ,n = 0-3) and model compounds have shown that protonation occurs 
at the CH adjacent to the heterocyclic ring (76MI2). 
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An interesting effect has been observed in the 'H NMR of corands 
32-35 incorporating pyrylium and thiopyrylium subunits. By increasing 
the length of the poly(oxyethylene) bridge, the /3-protons are deshielded 
by ca. 0.2 ppm and the y-protons are slightly shifted upheld, thus causing, 
in the case of the thiopyrylium derivatives, a change of the spin system 
from AB 2 to A 2 B. Comparison with acyclic model compounds showed 
that this effect is due to a reduced proximity between ortho-oxygens and 
/3-protons because of the hindrance of the poly(oxyethylene) bridge, in 
particular of the shorter one (91T1977). 

b. U C NMR Spectra. I3 C NMR data for pyrylium (1), thiopyrylium 
(2), and selenopyrylium (3) as obtained by iterative calculations by means 
of the AA'BB'CX (X = l3 C) approximation, are reported in Table VI 
(810MR148). On changing the heteroatom, the shielding of the 13 C nuclei 
at the /3 and y positions shows the same trend noted for protons. In 

TABLE VI 

l3 C Chemical Shifts" (ppm), l3 C, 'H Coupling 
Constants (Hz), One- and Three-Bond i 3 C, 
l3 C Coupling Constants (Hz) of Pyrylium, 

Thiopyrylium, and Selenopyrylium 
Fluoroborates in CDjCN fc 



1 

2 

3 

8 (C2) 

169.33 

158.78 

170.73 

8(C3) 

127.74 

138.27 

137.30 

S(C4) 

161.20 

150.81 

149.47 

'./(C2.H2) 

216.28 

190.10 

191.24 

2 J (C2.H3) 

7.90 

4.77 

4.82 

3 7 (C2,H4) 

6.80 

8.11 

8.92 

V(C2,H5) 

-0.94 

-0.87 

- 1.10 

3 J (C2,H6) 

6.31 

5.95 

4.58 

2 J (C3,H2) 

9.32 

-0.23 

0.11 

'y(C3,H3) 

181.57 

176.37 

173.09 

2 J (C3.H4) 

1.02 

1.23 

0.92 

\7 (C3.H5) 

6.52 

6.80 

6.88 

V(C3,H6) 

-1.05 

-0.97 

-1.01 

l/(C4,H2) 

4.94 

6.53 

7.20 

2 J (C4.H3) 

-0.24 

0.71 

0.74 

, J (C4.H4) 

177.66 

172.26 

170.35 

'J (C2.C3) 

59.5 

56.5 

56.7 

'J (C3,C4) 

50.4 

54.3 

55.4 

l J (C2,C5) 

9.4 

9.8 

9.3 


“ Relative to TMS. 
b Sandor and Radies (810MR148). 
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contrast to the proton shifts, the relatively high shielding of the a carbons 
in thiopyrylium may be due to a drastic drop in the “effective nuclear 
charge” with respect to that in pyrylium, an effect that cannot be offset 
by the magnetic anisotropy of the sulfur atom. The '7(CH) coupling con¬ 
stants are substantially larger than in the corresponding five-membered 
neutral chalcogens. Their values decrease with the increasing number of 
bonds separating the heteroatom and the C—H pair considered, i.e., 
'7(C2,H2) > ‘J(C3,H3) > '/(C4,H4). Moreover, with the exception of 
'7(C2,H2) in the pair thiopyrylium-selenopyrylium, they vary with the 
electronegativity of the heteroatom. Although the long-range C,H cou¬ 
plings appear to be affected mainly by the electronegativity of the hetero¬ 
atom, there are deviations that might be indicative of effects due to ir- 
electrons (810MR148). SCPT-INDO calculations have shown that the 
mutual polarizability of interacting nuclei represents a good qualitative 
measure of the main factors that influence the magnitude of ‘7(C,H) and 
'7(C,C) (85MI1). 

The 13 C chemical shifts of 2,6-di-tm-butyl-4-arylpyrylium and thiopyry¬ 
lium ions 36-49 have been determined in CD 3 CN (88G291). Since the 
substituent-induced chemical shift (SCS) of the para carbon in monosubsti- 
tuted benzenes reflects the overall electronic effect of the substituent, 
those of cations 39 and 46 (6.84 and 4.60 ppm, respectively, relative to 
benzene in CD 3 CN) reveal that pyrylium and thiopyrylium moieties behave 
as good electron-withdrawing substituents, comparable to N0 2 [SCS = 
6.18 ppm (80JOC2429)] and COMe [SCS = 4.67 ppm (80JOC2429)] 
groups, respectively. Whereas the C4 chemical shifts of the two heteroaro¬ 
matic rings are largely affected by 7r-polarization, as shown by the 
shielding induced by electron-withdrawing substituents, the C2 and C3 
chemical shifts are free from such effect. The effects of nonadditivity of 
chemical shifts, when pyrylium or thiopyrylium are the fixed groups in 
para-disubstituted benzenes, have been analyzed (88G291) according to 
the single-parameter equation proposed by Lynch (77CJC541). 

13 C chemical shifts of a, /3, and y carbon atoms of some phenyl- 
substituted thiopyrylium salts (84T3549) and l3 C shift effects for the series 



R Z=0 Z=S 

p-N0 2 (36) (43) 

m-CI < 37 ) (“4) 

p-CI (38) (45) 

H (39) (46) 

p-Me (40) (47) 

p-OMe (41) (48) 

p-NMe 2 (42) (49) 
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formed by thiopyran-2-thione, 2-ethylthio-thiopyrylium, and unsubsti¬ 
tuted thiopyrylium (87PS187) have been reported. 

c. 77 Se and l25 Te NMR Spectra. 77 Se NMR data for selenopyrylium 
(3) are reported in Table VII. The chemical shift of the 77 Se nucleus is 
approximately 370 ppm higher than the value reported for the electrically 
neutral selenophene (740MR648). The most prominent features of the 
coupling patterns in Table VII are that the signs of the "7(SeC) are opposite 
of n+l 7(SeH). These coupling patterns are, in terms of the signs of the 
reduced coupling constants, identical with those reported for n /( 15 NC) and 
" +1 J( ,5 NH), respectively, in pyridine (76TL1621). 

,25 Te chemical shifts of telluropyrans, telluropyranones, and telluropyr- 
ylium salts in both the Te(II) and Te(IV) oxidation states have been 
reported (89MI2). 2,6-Di-/erf-butyltelluropyrylium ion (28) had the fur¬ 
thest downfield chemical shift (8 1304 ppm relative to Me 2 Te). Introduction 
of a methyl substituent at the 4-position resulted in a more electron- 
rich tellurium center as evidenced by an upheld shift to 8 1185 ppm. In 
telluropyrylium dye chromophores having p-anisyl and/or p-N,N- 
dimethylaminophenyl substituents, the I25 Te chemical shifts were even 
further upheld in the range 8 784-934 ppm. The effect of the posi¬ 
tive charge is dramatic: the 125 Te chemical shift of 2,6-di-fm-butyl-4//- 
telluropyran was 257 ppm, i.e., more than 1000 ppm upheld of the corre¬ 
sponding telluropyrylium salt. A linear correlation was found for seven 
telluropyrylium salts between the 125 Te chemical shifts and the Te(3 d sn ) 
binding energies obtained by XPS. 

3. Electron Spin Resonance Spectra 

2,4,6-Triphenylthiopyrylium (9) is reduced by zinc powder in cyclohex¬ 
ane to yield the stable radical 51 (67MI3), whose ESR spectrum has 
been completely resolved and analyzed (70MP613). The assignment of 
the hyperhne coupling constants was accomplished by investigating the 


TABLE VII 

"Se Chemical Shift” (ppm), J (Se.H) and J (Se,C) Values (Hz) of 
Selenopyrylium Fluoroborate in CD 3 CN i ’ 


B^Se) 2 J (Se,H2) V (Se,H3) 

V (Se,H4) 

V(Se,C2) 2 J (Se,C3) V(Se,C4) 

975.7 45.25 6.16 

-2.36 

-155.4 -13.3 22.9 


“ Relative to Me 2 Se. 
h Sandor and Radies (810MR148). 
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spectra of deutero and 33 S-enriched derivatives, and by simulation of the 
spectrum. The Lande g factor (2.0041) was not affected by deuteration 
and the difference with the g value of the pyrylium analog 50 (2.0031) is 
consistent with a greater spin-orbit interaction of the unpaired electron 
on the sulfur atom. The hyperfine coupling constants of the heterocyclic 
protons of 51 are larger than the corresponding couplings in the pyranyl 
radical 50 (68MP217). The opposite is found for the phenyl protons, the 
largest difference being observed for the 4-phenyl group. These features 
indicate a lower delocalization of the unpaired electron on the phenyl 
rings in the thiopyranyl radical, in agreement with the greater ability of 
the sulfur atom in radical stabilization. The spin density distribution was 
calculated by the McLachlan method. The best fit between the experimen¬ 
tal coupling constants and those calculated by McConnell equation was 
found when the a phenyl groups are twisted 42° and the y phenyl group 
is twisted 31° from the heterocyclic plane. 



(50) 2=0 

(51) 2 = S 

(52) 2= Se 


Niizuma et al. reported the ESR spectra, at room and low temperature, 
of radicals 50 and 51 obtained by photochemical reduction in tetrahydrofu- 
ran and/or 1,2-dimethoxyethane of corresponding cations 8 and 9 
(85BCJ2600). The coupling constants determined by simulation of the 
ESR spectra coincided within the experimental errors with those obtained 
by ENDOR. Comparison of the coupling constants with those obtained 
by Degani et al. (68MP217; 70MP613) shows good agreement in the case 
of 50 but not in the case of 51. 

Radicals 50 and 51 were also evidenced by ESR as the products of an 
electron-transfer reaction of cations 8 and 9, respectively, with either 
Pr'O - or Bu'O - in the corresponding alcohols (86ZC400). 

Wintgens et al. studied the dimerization equilibria of radicals 50 and 
51, respectively, by integrating the area of the ESR signals at various 
temperatures (86NJC345). Although it is commonly accepted that the 
dimers are due to y,y' coupling of the radicals, there are electrochemical 
evidences which suggest, for 50, that also a,a' and «,y' dimers are involved 
in the equilibrium (80MI2). At room temperature the radical is the favored 
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species, whereas a decrease of temperature displaces the equilibrium in 
favor of the dimeric compound. The equilibrium constants and the stan¬ 
dard enthalpy variations for the dimerization of 50 ( K D 3x 10 4 liters mol -1 
at - 10°C, A//° d -16.0 kcal mol -1 ) and 51 (K D 2x 10 3 liters mol" 1 at - 10°C, 
A//° d -10.7 kcal mol -1 ) indicate a higher stability of the sulfur containing 
radical (86NJC345). A similar study concerning the dimerization of radi¬ 
cals 53 and 54 was carried out by Kawata and Niizuma (89BCJ2279). Owing 
to steric hindrance of the phenyl groups in the dimers, the dimerization 
equilibria were found to be endothermic. 



(53) Z=0 (55) 

(54) Z= S 


One-electron reduction of 4,4'-bithiopyrylium dication [13 (Z = S, 
R = H)] with zinc in CH 3 CN, at room temperature, yields the correspond¬ 
ing radical cation 55 (Z = S, R = H), whose hyperfine ESR spectrum 
consists of five overlapping pentuplets, resulting from coupling with four 
equivalent protons (0.60 G) and four equivalent H tt protons (2.37 G). 
The spectrum pattern indicates that the odd electron is distributed equally 
in both rings (72CC60). 

Radical cations 55 (Z = O, S,Se,Te,R = Bu') generated in a coulomet- 
ric flow reactor in CH 2 C1 2 have been examined by ESR (85T4853). Whereas 
the spectra for Z = O and Z = S have five lines, those for Z = Se and 
Z = Te have featureless and broad single lines. Linewidths and g values 
increase in the sequence O, S, Se, Te. This order is related to the spin-orbit 
coupling, which increases with increasing atomic number. A plot of g 
values vs the spin-orbit coupling constants shows a good linear relation¬ 
ship, thus indicating that the spin populations on the heteroatoms in 55 
are approximately constant. The low value of the slope indicates that the 
unpaired spin is localized mainly in the carbon i t framework. 

The microcrystalline CT salts between cations 8 and 9 and the anions 
1,1,3,3-tetracyanopropenide and tricyanomethanide showed a single broad 
ESR absorption band. The CT salts showed a photocurrent about 10 times 
larger than the dark current on irradiation at the CT absorption band. The 
ESR signal, which seems to originate from the charge carriers in the dark 
conduction, was slightly enhanced on the CT and near IR excitations 
(74BCJ448). 
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The ESR spectra of different polyiodide complexes of bithiopyranyli- 
dene 14 (Z = S, R = Ph) in the solid state have been reported as broad 
single lines (81MI5). 

Zinc reduction ofthiopyrylocyanine 11 (Z = Y = S \n = 0)affords the 
corresponding radical, which, studied by ESR, shows significant electron 
delocalization in the two thiopyrylium fragments. The same thiopyrylocya¬ 
nine has been also oxidized with Pb0 2 to give the corresponding dication 
radical, which undergoes the loss of the methinic proton to yield a cation 
radical. The latter has been evidenced by ESR (90KGS1480). The ESR 
spectrum of the one-electron zinc reduction product of 9-phenyl- 
1,2,3,4,5,6,7,8-octahydrothioxanthylium cation has been also reported 
(91KGS47). 

4. Mass Spectra 

The electron-impact mass spectra of bromides, iodides, and fluorobo- 
rates of the 2,4,6-triphenyl-substituted cations 8 and 9 have the base 
peak at the mass number of the cation (74OMS80). No molecular ion 
peak of an adduct between the cation and the anion has been found; the 
fluoroborates show also weak peaks with the elemental composition of 
an adduct between the cation and F". On the contrary, the spectra of 
perchlorates do not show the peaks at the mass number of the cation but 
peaks indicating the addition of an oxygen atom and the removal of a 
hydrogen atom. From ionization potential measurements it has been 
shown that the bromides, iodides, and fluoroborates of 8 and 9 are ther¬ 
mally reduced in the mass spectrometer to volatile free radicals 50 and 
51 prior to evaporation, presumably with concomitant oxidation of the 
anion. In the presence of a nonoxidizable anion, e.g., perchlorate, reduc¬ 
tion of the cations to free radicals does not take place. Interestingly, the 
order of ionization potentials of the radicals, 50 < 51, indicates that the 
LUMO energy level of pyrylium is higher than that of thiopyrylium, consis¬ 
tent with electrochemical studies (Section II,D). 

The mass spectra of 2,6-dimethylthio-3-phenylthiopyrylium (56) per¬ 
chlorate and iodide, and 5-formyl-2-methylthio-3-phenylthiopyrylium (57) 
perchlorate have been discussed in detail (76BSF1195). With perchlorate 
as counter-ion, fragments corresponding to oxidation products of thiopyry¬ 
lium have been found. 

In the mass spectrum of 5-acetyl-2-( p-methoxyphenyl)thiopyrylium (58) 
perchlorate, the most abundant ion is that resulting from the capture of 
a hydrogen atom, followed by loss of the acetyl group. Relative abundance 
of the peaks [M] + and [M + 1] + is 10 and 28%, respectively (75T3059). 
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Mass spectrometry has been used to characterize 4,4'-bithiopyrylium 
iodide and fluoroborate. Besides the strong molecular peak, intense frag¬ 
ments are observed for the loss of one and two sulfur atoms (71TL3999). 

Fast atom bombardment mass spectrometry appears to be a useful tool 
in the analysis of pyrylium, thiopyrylium, and pyridinium salts 
[87JCS(P2)633]. All the examined salts gave large peaks corresponding 
to the intact cations. Fragmentation is totally absent when only phenyl 
substituents are present on the heterocyclic rings, whereas alkyl substitu¬ 
ents are responsible for alkane, alkene, or alkyl losses. Unusual fragmenta¬ 
tion patterns have been observed in the spectra of halogeno-derivatives, 
such as 38,44,45, and nitro-derivatives, such as 36 and 43. In the former 
case peaks arising from a dehalogenation process with addition of H are 
observed, whereas in the latter case the peaks have been ascribed to 
partial and complete reduction of the nitro group to hydroxylamine and 
amine, respectively. Both processes are probably due to bombardment- 
promoted reactions of the cations with the matrix. 

The formation of thiopyrylium (2) as a rearrangement ion has been 
invoked in the electron impact mass spectra of 2- and 3-alkylthiophenes 
(59CCC1602; 88IZV905). The tendency toward the formation of 2, which 
represents the most abundant species, grows as the side-chain increases 
in length. Cation 2 has been also detected in the reaction zone of a C 6 H 6 / 
CS 2 /H 2 flame, by flame ionization/mass spectroscopy (84AJC511). 

Fragmentations to thiopyrylium ions constitute a typical model for vari¬ 
ous 2//-thiopyrans (75T53, 75T3059; 760MS293, 760MS364; 86JPR567). 

5. X-Ray Photoelectron Spectra 

High-resolution XPS spectra have been reported for bithiopyranylidene 
14 (Z = S, R = Ph), three of its polyiodides, and bithiopyrylium perchlo¬ 
rate 13 (Z = S, R = Ph) (82MI3). From the S(2 p V2 ) binding energy of 13 
it has been determined that the charge on each sulfur atom is 4- 0.26, thus 
the carbon framework has to carry a charge of + 1.48 in a purely ionic 
picture. Accordingly a shoulder appears on the left side of the C(U) line 
of 13. The strongest peak contains the C(U) levels of the phenyl carbon 
atoms, whereas the shoulder has been attributed to the dithiopyranyl 
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carbon atoms. The peak at 1.2eV of 14 identified as the HOMO completely 
disappears in the dication valence band. 

Solid-state XPS spectra of cations 59 and 60 have been reported (82MI4). 
Clearly resolved, intense shake-up excitations (—20% of the main peak 
intensity) are associated with N(ls) ionization, whereas heteroatomic ion¬ 
ization in the chalcogenopyranyl moiety yields shake-up intensities of 
20-30%. Heteroatomic binding-energy differences (ABE) in accordance 
with experiment are extracted from charge-potential calculations. It is 
concluded that ABE are a sensitive function of the ion/counter-ion pairing 
scheme. 



(59) Z = 0 

(60) z = S 

Detty et al. reported a XPS analysis of several series of telluropyran, 
telluropyranone, and telluropyrylium compounds in both the Te(II) and 
the Te(IV) oxidation states (89MI2). Two linear correlations were found 
between 125 Te NMR shifts and Te(3 d m ) binding energies for the neutral and 
cationic Te(II) compounds, respectively, whereas the Te(IV) compounds 
showed no apparent correlation (Section II,C,2,c). 


D. Electrochemical Properties 

Chalcogenopyrylium cations can be reduced and oxidized electrochemi- 
cally. The two processes can be either reversible or irreversible, depending 
on the substituents present on the heterocyclic ring. 

2,4,6-Triphenyl substituted cations 8-10 undergo reversible electro¬ 
chemical reduction to yield the corresponding radicals 50-52 (80JA299, 
80UKZ1186; 86NJC345; 86ZOB863). The reduction potential is increas¬ 
ingly negative in the order Se, S, O. This trend, which is due to a decreased 
stabilization of cation LUMO (80JA299), has been interpreted in terms of 
either the different electron affinities of the heteroatoms (Se > S > O) 
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(86ZOB863) or the increased 7r-overlap of the heteroatom in going from 
Se to O (see below). 

Chalcogenopyranyl radicals tend to dimerize. Equilibrium dimerizations 
have been studied by voltammetric methods (80MI2), ESR, and UV-vis 
methods (86NJC345) (Section II,C,3). Pragst et al. have shown that cou¬ 
pling of the radical 50 can involve both the a and the y positions, y,y' 
dimer being the kinetically favored isomer and a,a' dimer being the ther¬ 
modynamically more stable one (80MI2). When the y position is unsubsti¬ 
tuted, like in 17, 18, 19, the reduction potentials become less negative 
and the radicals dimerize irreversibly to yield the corresponding y,y' 
dimers (80MI2; 86ZOB863). 

The reduction of cations 25-28, as determined by cyclic voltammetry, 
has been found to be irreversible. The cathodic peak potential is increas¬ 
ingly negative in the order Te, Se, S, O (88MI4). The positive scan follow¬ 
ing reduction shows an irreversible oxidation that can be ascribed to 
oxidation of the y,y' dimers formed after reduction of the cations. The 
anodic peak potential does not show a definite trend on changing the 
heteroatom. The behavior of cation 28 has been investigated in greater 
detail, showing that the oxidation of the corresponding y,y' dimer requires 
2.6 F/mol and regenerates 2 equiv of 28. Analogous behavior had been 
shown by the y,y' dimer obtained after reduction of 17 (77JPR952). 

Also, the cations 61-64 having a methyl group in y position are reduced 
irreversibly because of formation of a y,y' dimer (88M11). 



( 61 ) z = o 

(62) Z = S 

(63) Z= Se 

(64) Z = Te 

The LUMO energy level of chalcogenopyrylium ions is decreased by 
electron-withdrawing substituents and increased by electron-releasing 
substituents. For example, cations 15 and 16 are reversibly reduced at 
potentials less negative than cations 8 and 9 (86NJC345), whereas cations 
59 and 60 are reduced at more negative potentials (80JA299). A decrease 
of the LUMO energy level of the cation increases the stability of the 
corresponding radical, which is thus less prone to dimerize (86NJC345). 

Chalcogenopyrylium ions that are reduced reversibly to the correspond¬ 
ing radicals may be further reduced to yield the corresponding antiaromatic 
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anions. Representative cations that have shown this behavior are 8, 9, 
59, 60 (80JA299), 11 (Z = Te, Y = O, S, Se, Te, n = 0), and 65-68 
(88MI1). The redox data suggest that 7r-donation from the heteroatom to 
the carbon 7r-framework is important in determining the stability of the 
various states. According to the 7r-donating ability of chalcogens (O > 
S > Se > Te), oxidation of the radical to the aromatic cation is increas¬ 
ingly positive in the order O, S, Se, Te, whereas reduction of the radical 
to the antiaromatic anion is increasingly negative in the order Te, Se, 
S, O; in other words, the increased 7r-overlap stabilizes the cation and 
destabilizes the anion (88M11). 

The anions obtained by two-electron cathodic reduction of cations 8 
and 9 undergo alkylation in the presence of an alkyl halide (80MI3; 
90ACS524). It has been suggested that the reaction between 2,4,6- 
triphenylthiopyranyl anion and tert -butyl bromide takes place via a 
rate-determining electron transfer from the anion to the alkyl halide, fol¬ 
lowed by combinations of the radicals (90ACS524). 

Pragst and Rudenko have studied the anodic behavior of 8 and 9 in 
0.1 M CH 3 C0 2 H/HS0 3 F at -76°C (83JPR627). The cations have been 
oxidized to the corresponding dication radicals. Voltammograms display 
typical marks of the anodic aromatic dimerization, which seems to involve 
the phenyl groups. The presence of an electron-releasing group, like in 
59 and 60, makes the oxidation potential experimentally accessible also in 
CH 3 CN (80JA299). Other representative cations that have been reversibly 
oxidized in CH 3 CN are 65-68 , 42, 49, 69, 70 (88MI1). The oxidation 
potential of chalcogenopyrylium ions is increasingly positive in the order 
Te, Se, S, O. It appears therefore, that the easiest chalcogenopyrylium 
ion to oxidize is also the easiest to reduce. This implies a narrowing of 
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the HOMO-LUMO gap as the heteroatom becomes heavier. This trend 
is in accordance with the sequential bathochromic shifts observed in the 
absorption spectra, as illustrated by the satisfactory linear correlations 
that have been found between the energy of the absorption maxima and 
the HOMO-LUMO gaps determined by redox potentials (88MI1) (Section 
II,C,l,a). 

Hiinig and co-workers have investigated the polarography of 4,4'- 
bipyrylium, bithiopyrylium, and bipyridinium salts in CH 3 CN (73LA1036). 
The process involves two reversible one-electron processes, involving the 
dication 13, the radical cation 55, and the neutral compound 14, as indi¬ 
cated by Eq. (1). 


E i % 

14 ” + ~* " 55 - - - 4 “ 13 (I) 

The equilibrium constant for the formation of the radical cation (K = 
[55] 2 /[14][13]) has been evaluated as a function of the heteroatom and the 
a-substituents (R = H, Me, Ph) by the redox potentials [log K = (E 2 - 
E,)/0.059]. In all systems the equilibrium is largely displaced toward 55 
(10 3 < K < 10 7 ). Redox potentials E, and E 2 are both positive in the case 
of bipyrylium and bithiopyrylium derivatives, and both negative in the case 
of bipyridinium derivatives. This would explain difficulties encountered in 
the synthesis of 14 when Z = O, S and 13 when Z = NMe. 

Since Syper and Sucharda-Sobczyk discovered that bipyranylidenes 14 
form electrically conductive complexes with electron acceptors 
(75BAP563), there have been a number of studies on oxidation potentials 
and conductivities of members of this class [77AG(E)519, 77CC177, 
77CC687, 77MI2; 78ANY61; 79JOC880; 81TL2771; 83TL539; 84BSF(2)241; 
88MI5], A systematic investigation of the cyclic voltammetry of 14 (Z = 
O, S, Se, Te; R = Ph, Bu', Me) in CH 2 C1 2 has been reported by Detty 
et al. (85T4853). Comparing the first oxidation potential, E,, the general 
trend of increasing oxidation potential with increasing size of the hetero¬ 
atom is maintained throughout the series, indicating that 7r-overlap of 
the heteroatom is more important than its electronegativity. Effects of 
substituents on E, are quite dramatic, with a 100- to 200-mV decrease 
occurring when methyl is substituted for phenyl. The oxidation potential 
of the radical cation, E 2 , does not appear to have any correlation with 
the sequential change of the chalcogen atom, but, if “corrected” for 
the different electron-donating abilities of the chalcogenopyrylium nuclei, 
follows the trend predicted for the oxidation of a chalcogenopyranyl radi¬ 
cal, with the telluropyranyl radical oxidizing at the most positive potential 
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and the pyranyl radical oxidizing at the least positive potential (88MI1). 
Interestingly, the gap between E, and E 2 narrows as the size of the hetero¬ 
atom increases. 

Extension of the conjugation between the chalcogenopyranylidene nu¬ 
clei allows a decrease in energy in removing the second electron from 
the radical cation, because the dication that is produced encounters less 
coulombic repulsion. Several insertion types have been investigated to 
extend the conjugation of these 7r-frameworks. Hiinig and Ruider have 
carried out a polarographic study of diazavinylogous bipyrylium, bithio- 
py ry Hum, and bipyrydinium 71 (74LA1415). The insertion of a diazo group 
gives rise to a strong displacement of both E, and E 2 toward positive 
values. In the case of the pyrylium and thiopyrylium derivatives 71 (Z = 
O, S), E, and E 2 coalesce in a single polarographic wave, which implies 
a drastic drop in the stability of the radical cation. Such molecules have 
the rare electrochemical property of one two-electron reversible oxidation. 

The two single-electron waves that are characteristic of 72 (Z = O, S) 
withn = 0(81JHC627) coalesce to one two-electron oxidation wave when 
n = 4 (83JOC2757). Further extension (e.g., n = 6) resulted in little 
change in the cyclic voltammogram. Compound 72 with Z = S and n = 
4 on one-electron oxidation in CH 2 C1 2 produces a 1:1 mixture of the 
neutral and the dicationic species and less than 10% of the cation radical 
species. The presence of this species decreases drastically with the in¬ 
crease of the solvent polarity. Some structural variations, such as benzo 
fusion and alkylation of the methine carbons, and their effect on the redox 
potentials have been investigated (84JOC4843). 



(71) (72) 


The insertion of cumulenic double bonds has been also investigated 
(81CC717, 81CC1143). The cyclic voltammogram of 73 exhibited two re¬ 
versible one-electron oxidation waves, which resulted in 160 mV more 
separation than those of 14 with Z = SandR = Ph (8ICC 1143; 85T4853). 
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(73) 

Reduction and oxidation potentials of chalcogenopyrylocyanines 11 
[Z = Y = 0 (n = 0-2), S (n = 0-3), Se (n = 0-3), NMe (n = 
0-1)] have been measured by polarography (84MI1). Although the reduc¬ 
tion potentials, n being equal, are always increasingly negative as the 
chalcogen atom becomes lighter, the oxidation potentials do not show a 
definite trend on changing the heteroatom. Satisfactory correlations have 
been found between the calculated energy (HMO) of frontier orbitals and 
the polarographic redox potentials. Reduction and oxidation potentials of 
11 (Z = Y = S;n = 0) have been also determined by cyclic voltammetry 
(90KGS1480). 

Electrochemical oxidation of thiopyrans 74 and 75 to the corresponding 
thiopyrylium ions proceeds by successive losses of an electron, a proton, 
and another electron (84KGS318). The same behavior has been shown 
by 1,2,3,4,5,6,7,8-octahydrothio- and seleno-xanthenes (91KGS47). Elec¬ 
trochemical reduction of 1,2,3,4,5,6,7,8-octahydrothio- and seleno- 
xanthylium cations has been also investigated (91KGS47). 

Polarographic and cyclic voltammetric data were analyzed for Mn com¬ 
plexes 76 (Z = O, S, NPh, NMe; L = PPh 3 , CO). The differences be¬ 
tween the half-wave potentials of the first and second reduction steps 
of 76 were appreciably smaller than those for the corresponding 2,4,6- 
triphenyl-substituted cations (90MI3). 
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The electrical conductivity of some charge-transfer complexes in which 
the acceptor is cation 9 has been measured. With the electron donors 
u-amino-4-(dicyanomethylene)-2,6-dimethyl-l,4-dihydropyridine (77MI1) 
and p-tricyanovinylphenyldicyanomethide ion (80MI4), electrical insula¬ 
tion resulted, whereas with the radical anion of tetracyanoquinodimethane 
(TCNQ) good electrical conductivity (<r = 8.0x10 ' S cm -1 ) was ob¬ 
served (69JCP377). In the latter work it was also pointed out that the 
series exemplified by 2,4,6-triphenyl-substituted pyrylium, thiopyrylium, 
and pyridinium shows a good correlation between the conductivity of the 
complex TCNQ salt (S > O > NH) and the polarizability of the organic 
cation, the latter being proportional to the X of the longest-wavelength 
maximum of the cation. 


III. Syntheses 


A. From Acyclic Precursors 

One-component syntheses of chalcogenopyrylium salts, i.e., those in 
which the acyclic precursor is a C-5 unit, will be considered first. 

The cyclization of saturated 1,5-pentanediones with H 2 S and HC1 is 
one of the most exploited reactions for the synthesis of thiopyrylium salts. 
These are generally formed together with the corresponding dihydro- or, 
more frequently, tetrahydro-thiopyrans, as a result of the disproportiona¬ 
tion of 4//-thiopyran intermediates (Scheme 1). The reaction is frequently 
performed in AcOH, which appears to facilitate the disproportionation 
processes (76KFZ80; 81 KGS 1604). 

By performing the reaction in morpholine without added acids, the 
product of initial addition of H 2 S to one of the carbonyl groups has been 



Scheme 
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isolated. This can be converted to the corresponding thiopyrylium salt by 
treatment with FeCl 3 or HC10 4 (67ZOR1709). When the reaction is carried 
out in alcoholic solvents, such as MeOH and EtOH, in the presence 
of acids, the principal products are thiopyrans (70ZOR193; 72ZOR193, 
72ZOR390). The more acidic conditions that are realized in AcOH favor 
the disproportionation of 4//-thiopyran and dihydrothiopyran intermedi¬ 
ates. Both disproportionations occur by an initial protonation followed 
by a hydride abstraction from a second molecule of 4//-thiopyran [Eqs. 
(2) and (3)] (72ZOR193; 81KGS1338; 89RRC509). 



Regarding the thiopyrylium salts prepared by this procedure, they usu¬ 
ally have, in the a positions, aryl groups such as phenyl, substituted- 
phenyl, 2-naphthyl, 2-thienyl, and 2-furyl; in the j3 positions, hydrogen 
or methyl; and in the y position, hydrogen, methyl, or an aryl group. 
Electron-releasing substituents on the aryl groups, such as methyl or 
methoxy, favor the formation of thiopyrylium salts. Other interesting 
thiopyrylium salts that have been prepared by this method are those in 
which the heterocyclic nucleus is fused with a carbocyclic ring, such as 
77 (R 1 = Ph, R 2 = H, Ph, n = 1,2), 78, 79 (R = H, n = 1, 2; R = Me, 
Et, n = 2) (68ZOR2054; 70KGS900, 70ZOR1119; 72ZOR193; 74KGS489, 
74ZOR1942, 74ZOR2425; 75MI3; 76KFZ80; 77KFZ72; 78ZOR1782; 
80KGS1337; 81KGS1604; 82KFZ33, 82KGS708; 85KGS1194; 87MI1). 



The pattern of substituents of the diketone affects the reaction course. 
For example, diketones 80 and 81 are converted only to the corresponding 
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4//-thiopyrans in both MeOH and AcOH, whereas diketone 82 does not 
react at all in both solvents (70KGS900; 77MI4). 

Hydrochloric acid can be replaced by other mineral acids, such as HBr, 
HI, HC10 4 , HBF 4 , or by P 2 0 5 in inert solvents (70ZOR1119, 70ZORI513; 
73ZOR2434; 75KGS643; 76KFZ80,76ZOR1802; 81KGS762). The increase 
of acid strength accelerates the cyclization reaction of 1,5-diketones. For 
example, 83 reacts with H 2 S and HC1 in AcOH in 2 days, whereas with 
HC10 4 the reaction proceeds within 8 hours (77MI3). 


R 2 



O O 


(80) R 1 = Me, R 2 = Ph, R 3 = H 


(82) R 1 = R 3 = Ph, R 2 = H 

(83) R 1 = R 3 = H, R 2 = Ph 


The reaction can be conveniently carried out in CF 3 C0 2 H. This acid is 
strong enough to function not only as solvent but also as proton source; 
it appears to favor the disproportionation of 4//-thiopyrans to thiopyrylium 
ions and tetrahydrothiopyrans (70ZOR1513; 72KGS916, 72ZOR193; 
77ZOR443; 80ZOR178; 81KGS1338). 

The presence in the reaction mixture of an efficient hydride acceptor 
appears to favor the conversion of 4//-thiopyrans to the corresponding 
thiopyrylium salts. Thus the thiopyrylium cations 45-48 and 84 have been 
obtained in fairly good yield by treatment of the corresponding 1,5- 
pentanediones with H 2 S in an acidic medium (Ac 2 0, HC10 4 ) and in 
the presence of triphenylmethyl cation generated in situ by reaction of 
triphenylmethanol and HC10 4 [85JCR(S)62)]. 

1,5-Pentanediones can be also transformed to thiopyrylium salts by the 
action of H 2 S and a Lewis acid such as BF 3 , A1C1 3 , FeCl 3 , SnCl 4 , and 


R 1 



(84) R 1 = CMe 3 , R 2 = H 

(85) R 1 = R 2 = Ph 
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SbClj (74ZOR1302, 74ZOR2421; 75KGS643; 79MI4). In the presence of 
BF 3 • Et 2 0, the reaction occurs three to six times faster in AcOH than in 
Et 2 0 (74ZOR1302, 74ZOR2421). 

Phosphorus pentasulfide can replace H 2 S in the reaction with 1,5- 
pentanediones yielding thiopyrylium salts with H 2 P0 4 “, H 2 PS0 3 , and 
H 2 PS 2 0 2 “ as counter-ions. The anions can be subsequently exchanged by 
treatment with a mineral acid. The reaction can be performed in AcOH 
or inert solvents (xylene, toluene, dioxane, etc.), or by fusion of the 
reactants. Depending on the reaction conditions, 4//-thiopyrans may be 
the only product [66ZOR1122; 68URP216747; 71KGS(S)73, 71KGS(S)79; 
72KGS1196; 77MI4; 81KGS762]. Reaction with P 4 S, 0 can also be success¬ 
ful when reaction with H 2 S and HX fails. Thus cation 85 is obtained in 
good yield by reaction of the corresponding diketone with P 4 S I0 in boiling 
dioxane, whereas with H 2 S and HX (X = Cl, C10 4 ) in AcOH, the reaction 
is unsuccessful (81KGS762). 

The reaction of 1,5-pentanediones with P 4 S I0 in AcOH leads to 
higher yields of thiopyrylium salts when carried out in the presence of 
alkali or alkaline earth perchlorates, LiC10 4 being the most effective 
salt. The procedure has been illustrated by the preparation of the 2,6- 
diphenylthiopyrylium ion (18) and analogous derivatives having alkyl or 
alkoxy groups as para substituents of the a-phenyl rings (84SC775). The 
same procedure has been applied to the synthesis of corands 34 and 35 
(91T1977). 

In a recent patent it is reported that 1,5-pentanediones are conveniently 
converted into the corresponding thiopyrylium salts by using 10-20% 
molar excess zinc sulfide, as the sulfur source, in 6-7 N hydrochloric acid 
in MeOH, EtOH, or Et 2 0-AcOH, followed by conversion of the resulting 
thiopyrylium chlorozincates to fluoroborates or perchlorates with 40% 
HBF 4 or 57% HC10 4 (92URP1703649). 

Other successful sulfuration agents are (di)thiocarboxylic acids or 
dithiophosphoric acid esters (87JAP62-10081). 

Analogous to thiopyrylium salts, selenopyrylium salts can be prepared 
by reaction of 1,5-diketones with H 2 Se and HC1 in AcOH (73KGS857). 
The reaction takes place by the initial formation of 4//-selenopyrans 
and/or 2,6-bis(hydroseleno)-l-selenacyclohexanes (86) (82ZOR2595; 
84KGS1634). The presence of electron-releasing groups favors the forma¬ 
tion of 2,6-bis(hydroseleno)-l-selenacyclohexanes. Thus the selenacyclo- 
hexanes 86 (R 1 = p-MeOC 6 H 4 , R 2 = Ph; R 1 = R 2 = p-MeOC 6 H 4 ) have 
been isolated in the reaction of the corresponding diketones with 
H 2 Se and HC1 in AcOH under argon (82ZOR2595). The reaction of 1,5- 
pentanediones with H 2 Se in CF 3 C0 2 H is rather slow; under these 
conditions low yield of the selenopyrylium salts 10 and 19 have been 
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R 2 



(86) 


obtained along with significant amounts of the corresponding 2,6-bis- 
(hydroseleno)-l-selenacyclohexanes and 4f/-selenopyrans (84KGS1634). 

Besides saturated 1,5-diketones, unsaturated 1,5-diketones can also, in 
some cases, be converted into thiopyrylium salts. The reaction of aryl 
substituted 2,4-dichloro-2-pentene-l ,5-diones (87) with H 2 S and HC10 4 in a 
mixture of AcOH and Ac 2 0 leads to the formation of 3-chlorothiopyrylium 
perchlorates 88-90. It should be noted that under the same conditions 
l,3,5-triphenyl-2-pentene-l,5-dione is converted quantitatively into the 
corresponding pyrylium salt 8. The pentenediones not containing chlorine 
atoms in the molecule evidently do not react with H 2 S under the conditions 
of acid catalysis as a result of the fact that the cyclization rate for them 
significantly exceeds the addition rate of H 2 S (90ZOR1904). 



(87) (88) R 1 = R 2 = Ph 

(89) R 1 = Ph, R 2 = p-CIC 6 H 4 

(90) R 1 = p-CIC 6 H 4 , R 2 = Ph 


5-Mercapto-2,4-pentadienones undergo cyclization to thiopyrylium per¬ 
chlorates 91 by reaction with POCl 3 followed by treatment with a NaC10 4 
solution (Scheme 2). In structure 91 both R 1 and R 2 are phenyl or 
substituted-phenyl groups, whereas R 3 can be H, Me, or Ph (86EGP240745; 
89S515). 



Scheme 2 
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(92) Z = S 

(93) Z= Se 

Scheme 3 


A number of synthetic procedures for the preparation of aminothiopyry- 
lium and selenopyrylium salts has been developed by Liebscher and Hart¬ 
mann. 2-Aminothiopyrylium salts 92 (R 1 = p-MeC 6 H 4 , R 2 = CN,C0 2 Et, 
CONH 2 ) can be prepared by ring-closure of 5-mercapto-2,4-pentadieneni- 
triles in the presence of HC10 4 (Scheme 3) (73ZC342; 74EGP106176). 

5-Mercapto-2,4-pentadienenitriles are also intermediates of a one-pot 
reaction between 5-chloro-2,4-pentadienenitriles and dithiocarbamate 
anion leading to thiopyrylium salts 92 (R 1 = p-MeC 6 H 4 , 3'-coumaryl, 
R 2 = CN, C0 2 Et, CONH,; R 1 = Ph, R 2 = CONH 2 ) (74EGP106176; 
76JPR705; 81EGP149365). 

2-Aminoselenopyrylium salts 93 (R 1 = Ph, R 2 = C0 2 Et, CONH 2 ; 
R 1 = p-MeC 6 H 4 , R 2 = CONH 2 ) have been prepared by reaction of the 
corresponding 5-chloro-2,4-pentadienenitriles with NaHSe or Na 2 SeS0 3 
followed by treatment with HC10 4 without the isolation the 5-hydroseleno- 

2.4- pentadienenitrile intermediate (77EGP126308, 77T731). 
2-Aminothiopyrylium salt 92 with R 1 = p-MeC 6 H 4 and R 2 = CN has 

been also prepared by treatment of the corresponding 5-dimethyIamino- 

2.4- pentadienethioamide with HC10 4 in AcOH. The dimethylamino group 
is lost in the course of the reaction (76JPR705). 

2-Aminothiopyrylium salts have been prepared also by two-component 
syntheses. The reaction of 3-chloropropenimmonium perchlorates and 
N,N-disubstituted thioacetamides yields 5-chloro-2,4-pentadienethioa- 
mides as probable intermediates that undergo cyclization to thiopyrylium 
salts 94 (R 1 = Ph, p-MeC 6 H 4 , p-MeOC 6 H 4 , p-ClC 6 H 4 , R 2 = H, 
Ph, NR 3 R 4 = piperidino, morpholino) (Scheme 4) (71JPR1113; 

72BRP1281456, 72GEP2058382). 



(94) 


Scheme 
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R3 



Scheme 5 


2,6-Diaminothiopyrylium salts 96 have been prepared according to 
Scheme 5, by condensation of 3-functionalized thioacrylamides 95 (R 2 = 
Ph, p-ClC 6 H 4 , p-PhC 6 H 4 , 1-naphthyl; R 3 = NMe 2 , OH pyrrolidino) with 
substituted acetonitriles (R 1 = 2-benzimidazolyl, C0 2 Et) (83EGP159639, 
83ZC403). 

Condensation of /8-aminovinylthioketones 97 and cyanoacetic acid de¬ 
rivatives (NCCH 2 COR, R = NH 2 , OEt) gives 5-mercapto-2,4-penta- 
dienenilriles, which yield thiopyrylium salts 92 (R 1 = Ph, p-MeC 6 H 4 , /3- 
naphthyl, R 2 = CONH 2 , C0 2 Et) according to Scheme 3 (76JPR705). An 
analogous reaction is given by /3-aminovinylselenoketones 98, which con¬ 
dense with cyanoacetic acid derivatives to yield 2-aminoselenopyrylium 
salts 93 (77EGP126308, 77T731). 

The reaction of 3-chloropropeneimmonium perchlorates with either 
Na 2 S or Na 2 S 2 0 3 yields sulfides of formula S(CR'=CH—CH=N + R 2 ) 2 , 
which condense with cyanoacetic acid derivatives to yield thiopyrylium 
salts 92 (R 1 = Ar, R 2 = CONH,, C0 2 Et, CN) through the intermediacy 
of 5-mercapto-2,4-pentadienenitriles (74ZCI89; 76JPR705). 

2-Aminomethyleneamino-thiopyrylium (100) (75EGP113911) and -sele- 
nopyrylium (101) salts (77EGP123527, 77T731) have been prepared by 
heating formamidine derivatives 99 and /3-aminovinylthioketones 97 or 
selenoketones 98, respectively (Scheme 6). In structures 100 and 101, 



(97) Z = S (99) (100) Z=S 

(98) Z = Se (101) Z = Se 

Scheme 6 
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(102) R 1 = Ph, R 2 = H 

(103) R 1 = H, R 2 = Me 


Scheme 7 


both R 1 and R 2 are phenyl or substituted-phenyl groups, whereas NR 3 R 4 
can be NMe 2 , pyrrolidino, piperidino, and morpholino. 

2-Morpholino-6-aminomethyleneamino-thiopyrylium salts have been 
prepared by condensation of 95 (R 2 = Ph, p-ClC 6 H 4 , p-MeOC 6 H 4 , R 3 = 
NMe 2 ) and 99 (R 2 = Ph, p-ClC 6 H 4 , R 3 = R 4 = Me) (83ZC403). 

The preparation of 2-chlorothiopyrylium salts can be accomplished 
by a two-component synthesis. Reaction of trcws-trans-1,4-diphenyl-1,3- 
butadiene with excess thiophosgene gives 2-chloro-3,6-diphenylthiopyry- 
lium chloride 102 in high yield (Scheme 7) (67ZC227). The reaction proba¬ 
bly consists in a Diels-Alder cycloaddition, followed by elimination of 
HC1 and hydride abstraction. When the reaction was carried out with 
l-phenyl-3-methyl-l,3-butadiene, the 3,5-disubstituted thiopyrylium 103 
was isolated without evidence of the 4,6-disubstituted regioisomer 
(84AP938). 

Three-component syntheses of thiopyrylium salts are extremely rare. 
Doddi and Ercolani reported the preparation of 2,6-disubstituted thiopyry¬ 
lium salts 104 (R = Bu', Ph, p-MeC 6 H 4 , p-MeOC 6 H 4 , p-BrC 6 H 4 ) in low 
yield (18-27%) by reaction of methyl ketones and excess triethyl orthofor¬ 
mate in an acidic medium (HC10 4 in Ac 2 0) under a H 2 S stream (Scheme 
8) (85S789). Despite the low yields the reaction is useful, because type 
104 salts are not easily accessible. 

An early report on the condensation of 2 mol of acetone and 1 mol of 
thionyl chloride suggested the formation of a compound of structure 105 
or 106 (35CB1810). The actual structure of this compound should be that 


C(OEt) 3 

f ♦ f . fA 

r-"S> tA, rAA, 


Scheme 
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(107) Z = S 

(108) Z= Se 


of the chloride of the thiopyrylium 107. Analogously, condensation of 
acetone and selenium oxychloride presumably afforded the chloride of 
the selenopyrylium 108 (65DIS1923). 


B. From Cyclic Precursors 

Syntheses from chalcogenopyrylium ions proceeding with retention of 
the original chalcogenopyrylium ring will be described in Section IV. 

1. Syntheses from Pyrylium Salts 

The reaction of pyrylium salts with sodium sulfide in aqueous acetone, 
proposed by Wizinger and Ulrich as early as 1956, is still one of the 
most useful method for the preparation of 2,4,6-triarylthiopyrylium salts 
(56HCA207). It was the first general method allowing access to a large 
variety of compounds of this class. Electron-releasing substituents on the 
aryl groups, including the dimethylamino group, cause no problems, and 
also the presence of halogens is permissible. Accordingly, a large variety 
of thiopyrylium salts with different substitution patterns and counter¬ 
ions has been prepared (56HCA207; 62JA2090; 63NKZ432; 70BCJ3101; 
71JOC791; 92CJC2390). The reaction proceeds through the intermediate 
formation of a deeply colored (yellow to blue-red) acyclic keto-thioenolate 
anion, which, on acidification, undergoes cyclization to a thiopyrylium 
cation precipitating in the aqueous medium (Scheme 9) (56HCA207). 

Mislow and co-workers pointed out that thiopyrylium salts prepared 
according to this procedure can be contaminated by the starting pyrylium 
cation (75JA2718). Sometimes the contaminated thiopyrylium salt can be 



Scheme 9 
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purified by recrystallization (75JA2718). Alternatively, the thiopyrylium 
content of the mixture can be raised by repeating the reaction on the 
crude [86JA3409; 87JCS(P2)1427]; in most of the cases a single repetition 
is sufficient to obtain the pure thiopyrylium salt. A purification procedure 
relying on the selective addition of a calculated amount of methoxide ion 
to the contaminating pyrylium salt also proved to be effective [85JCR(S)62, 
85S789; 86JA3409], 

The reaction with Na 2 S has been applied with success to obtain thiopyry¬ 
lium salts other than 2,4,6-triaryl substituted; for example, the following 
thiopyrylium cations have been prepared: 2-methyl-4,6-diphenylthiopyry- 
lium (109) (56HCA217), 2,6-diphenyl-4-/m-butylthiopyryliurn (111) 
[87JCS(P2) 1427]; 2,6-di-terr-butyl-4-(//x-chlorophenyl)thiopyrylium (44) 
(86JA3409); 2,6-diphenyl-4-(A r -piperidino)thiopyrylium (112) (72JHC783); 
vinylene homologous of 2,4,6-triarylthiopyrylium [113 {m = 1 ,n=p = 
0; m = n = 0, p = 1; m = n = 1, p = 0)] (56HCA207); indeno[l,2- 
b] thiopyrylium (114) (59JCS55); and pyranylidenemethylthiopyrylium 
salts [11 (Z = S, Y = O, n = 0), 12 (Z = S, Y = O, n = 0), and 115 
[57AC(P)189; 72JHC1105]. 



2,4,6-Trialkylpyrylium ions usually do not undergo the O -> S ex¬ 
change; for example, 2,4,6-tri-/m-butylpyrylium ion was recovered unal¬ 
tered when the reaction was attempted (85UP1). However, the use of 
NaHS instead of Na 2 S has allowed the preparation of 2,4-di-/er/-butyl-6- 
methylthiopyrylium (110) (85MI3; 87KGS760). Sodium hydrogen sulfide 
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has been also conveniently employed for the preparation of 2-methyl-4,6- 
diphenylthiopyrylium (109) (75S638) and of cations 116 (n = 1,2) 
(84KGS451). 

A variant that makes use of Na 2 S in EtOH-Pr' OH in the presence of 
anhydrous Na 2 S0 4 has allowed the preparation of 2,6-di-tert-butylthiopyr- 
ylium ion (26) [90ZN(B)701], which had not been accessible by the stan¬ 
dard procedure (85UP1). 

2,6-Diphenylpyrylium ion (17) reacts with sodium sulfide in an aqueous 
ethereal medium to give the y-pyranthiol 117. On being heated in inert 
solvents, 117 splits off hydrogen sulfide and is convered into the 
y-pyranthiother 118 (72KGS1313). However, doubts have been advanced 
on the correctness of structure 118 [82AHC(S)46]. 



When good leaving groups are present in the pyrylium ring, a nucleo¬ 
philic aromatic substitution usually occurs instead of, or in addition to, 
the O -*■ S exchange. Thus pyrylium cations 119 (R 1 = Me, Ph, R 2 = H, 
Me, Ph) and 120 (R 1 = Ph, R 2 = H, Me, Ph; R 1 = R 2 = Me) react with 
HS“ or with S 2- in cold aqueous solution to give the corresponding 4H- 
pyran-4-thiones 121 as a result of the substitution of the group in y position 
[56AC(R)821; 60BCJ1467]. If the reaction with sodium sulfide is carried 
out in boiling aqueous solution, or in aqueous acetone, the initially formed 
pyranthione 121 undergoes the O —* S exchange to yield the corresponding 
4//-thiopyran-4-thione 122 [56AC(R)821], 



(119) (120) (121) (122) 


An attempt to prepare 2,4,6-triphenylselenopyrylium cation (10) by reac¬ 
tion of the corresponding pyrylium ion 8 with Na 2 Se was unsuccessful 
(78AP170). 
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2. Syntheses from Chalcogenopyrans 

In this section are described the various processes allowing the oxidation 
of chalcogenopyrans to chalcogenopyrylium ions, with the exception of 
the processes of hydride transfer between chalcogenopyrans and chalco¬ 
genopyrylium ions, described in Section IV,C,8. 

Thiopyrylium cations can be easily obtained by oxidation of the corre¬ 
sponding 2 H- or 4//-thiopyrans possessing at least a hydrogen atom in 2 
or 4 position, respectively. Accordingly the unsubstituted thiopyrylium 
ion (2) has been obtained in high yield by oxidation of 4//-thiopyran with 
phosphorus pentachloride (63TL1167; 64G203), triphenylmethyl perchlo¬ 
rate (64G203), chlorine, and iodine (65TL2941). In contrast with chlo¬ 
rine and iodine, bromine reacts with 4//-thiopyran to give the product 
of electrophilic addition, namely 2,3,5,6-tetrabromothiacyclohexane 
(65TL2941). 

A further example of conversion of a thiopyran into a thiopyrylium salt 
is offered by compound 123, which has been oxidized to the corresponding 
thiopyrylium cation 79 (R = H, n = 2) by triphenylmethyl chloride, tro- 
pylium tetrafluoroborate, silver nitrate, and l,3,5,7-tetramethyl-2-phenyl- 
2-azoniaazulene (127) (74IZV1831). 



(124) Z= S, R= Ph (127) 

(125) Z= Se, R= Ph 

(126) Z= S, R = CH-jPh 

Selenopyrans can be analogously oxidized, thus selenopyrylium ions 
3, 128, and 129 have been prepared by oxidation of the corresponding 
4//-selenopyrans with PCI 5 or Ph 3 CC10 4 [64G203; 67MI1; 90AG(E)424]. 



(128) (129) 

Triphenylmethyl cation with C10 4 “, BF 4 ~, or 1“ as counter-ion is the 
reagent most frequently used to convert thiopyrans into thiopyrylium 
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salts. Accordingly a large number of variously substituted thiopyrylium 
salts have been obtained from the corresponding 2 H- or 4//-thiopyrans 
[67MI1; 72CR(C)677; 73AC(R)563; 74JA6119; 75CR(C)(28)119, 75T3059; 
79JA5059; 80MI5], Analogously, 4,4'-bithiopyrylium dication [13 (Z = 
S, R = H)] (71TL3999) and bis-(2,6-diphenylthiopyrylium-4-yl)-ethyne di¬ 
cation (130) (8ICC 1143) have been obtained from the corresponding bis- 
4//-thiopyran and bis-2//-thiopyran, respectively. Triphenylmethyl cation 
can be also generated in situ, by addition of a strong acid to triphenylmetha- 
nol; for example, 2,6-diphenylthiopyrylium cation (18) has been prepared 
by treating the corresponding 2//-thiopyran and triphenylmethanol with 
trifluoroacetic acid (79JOC4456). 

In some cases, instead of abstracting the hydride ion, triphenylmethyl 
cation favors the loss of the geminal group, thus chalcogenopyrans 124 
and 125 lose the phenyl group on treatment with Ph 3 CC10 4 to give the 
corresponding 4-unsubstituted cations. Removal of hydride from 124 and 
125 is conveniently performed by the benzoquinone 131 (91KGS51). 



(130) (131) 


As described in Section III,A, 4//-thiopyrans disproportionate in acidic 
media to yield thiopyrylium ions and dihydrothiopyrans or, more fre¬ 
quently, tetrahydrothiopyrans, through the intermediacy of protonated 
species. Although in some cases good conversions to thiopyrylium ions 
have been reported (81KGS762), this method is intrinsically limited by the 
fact that only part of the starting thiopyran is converted to thiopyrylium. 
However, when the process is carried out in the presence of oxygen, the 
yield of thiopyrylium ion increases remarkably (79KGS562; 81KGS405). 
In this case thiopyran radical cations have been suggested as reaction 
intermediates (83KGS1689). A great number of thiopyrans [67ZOR1344; 
70KGS338; 71KGS422,71 KGS(S)76,71ZOR613; 72KGS1196; 73KGS196; 
74ZOR2462; 79KGS562; 80KGS324; 81KFZ38; 83KGS200; 91KGS181] 
and selenopyrans (81KGS640; 82MI6; 84KGS1634) have been converted 
into the corresponding cations by treatment with a strong acid, alone or 
in conjunction with molecular oxygen. 

In some cases the proton itself behaves as an oxidant. Thus the 
formation of 2,6-di-tm-butylchalcogenopyrylium ions (25-28) and 2,6- 
diphenyltelluropyrylium ion (20) is accompanied by hydrogen evolution 
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when the corresponding 4//-pyrans are heated in the presence of hexaflu- 
orophosphoric acid in AcOH (88MI4). 27/-Thiopyran 132 disproportion- 
ates with 60% HC10 4 at elevated temperature to a mixture of thiopyrylium 
cation 77 (R 1 = R 2 = Ph, n - 2) and the corresponding tetrahydrothio- 
pyran; however, 70% HC10 4 causes pure oxidation of 132 to 77 
[71KGS(S)85], 

Perchloric acid can also promote the loss of the benzyl group from 
4-benzyl-4//-thiopyrans; thus 133 when treated with HC10 4 yields 1,3- 
diphenylnaphthalene along with a small amount of cation 9 (64LA183). 
Thiopyran 126 yields thiopyrylium 79 (R = H ,n = 2) along with isomer¬ 
ization products (73ZOR2177; 79KGS1470). The reported conversion of 
4//-thiopyrans 135 (R = H, Ph, MeS) to the corresponding 4-chlorothio- 
pyrylium perchlorates by treatment with HC10 4 (68CB3990; 75CB2397) 
is not an oxidation process. Since thiopyrans of the type 135 are best 
described as 4-chlorothiopyrylium chlorides (68ZC171), the reaction rather 
consists in an anion exchange forced by the lower solubility of the perchlo¬ 
rates. Analogously, 2 H- and 4//-chalcogenopyrans possessing hydroxy, 
alkoxy, mercapto, alkylthio, amino, and alkylamino groups in the 2 and 
4 position, respectively, under the action of strong acids, undergo the 
dissociation into chalcogenopyrylium salts and protonated forms of the 
above groups; of course these processes are also not oxidations, they are 
the reverse of nucleophilic addition to chalcogenopyrylium salts driven 
in the opposite direction by the action of strong acids (Section IV,C,3-6). 



(133) R 1 = H, R 2 = CHjPh (135) 

(134) R 1 = Me, R 2 = H 


Rather surprisingly 2,4,6-triphenyl-4//-thiopyran (74) is oxidized to the 
corresponding thiopyrylium 9 by alkylating agents, such as methyl iodide, 
dimethyl sulfate, and triethyloxonium fluoroborate (62JA2090). 

Hydrogen peroxide usually oxidizes 2 H- as well as 4//-thiopyrans to 
the corresponding sulfones (62JA2090; 83AHC145); however, the thio¬ 
pyrans 74 and 134 reacted with H 2 0 2 to yield also the corresponding thio¬ 
pyrylium salts (85KGS1042). In the course of the oxidation of 134, part 
of the substrate is converted into the corresponding 2 H isomer 136, which 
is oxidized to the sulfone 137. 
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(136) Z = S 

(137) Z= S0 2 


Potassium permanganate in acetone or acetonitrile oxidizes 4 H- 
thiopyrans and 4//-selenopyrans to 4//-thiopyran-4-ones and 4//-seleno- 
pyran-4-ones, respectively (85KGS1489; 91KGS996). 

Analogous to 1 ,5-pentanediones (Section III, A), 4//-pyrans react with 
H 2 S and HC1 in AcOH to yield 4//-thiopyrans that in the acidic medium 
can disproportionate to yield thiopyrylium salts (75ZOR1540). 

3. Synthesis from Chalcogenopyrans 
with Exocyclic Double Bonds 

Chalcogenopyrans with exocyclic double bonds, 138 and 139, can be 
divided into four main classes depending on the nature of the exocyclic 
atom or group X, namely chalcogenopyranones (X = O), chalcogenopy- 
ranthiones (X = S), chalcogenopyranimines (X = NR), and alkylide- 
nechalcogenopyrans (X = CR 2 ). Syntheses of chalcogenopyrylium salts 
from these compounds will be treated in the given order. 



(138) (139) 


Chalcogenopyranones are the conjugated bases of hydroxy-chalcogeno- 
pyrylium salts. The faint greenish fluorescence, observed by Arndt and 
co-workers as early as 1925, of a solution of 2,6-diphenyl-4//-thiopyran- 
4-one [140 (Z = S, R = Ph)] in cone, sulfuric acid is almost certainly due 
to the formation of thiopyrylium 141 (25CB1633). The authors also re¬ 
ported the isolation of a chloride salt by treatment of this thiopyran-4- 
one with HC1, which should be regarded as the chloride of cation 141. 
The basicities of some thiopyran-4-ones have been determined spectropho- 
tometrically in H 2 S0 4 (68ZOB118). 

Chalcogenopyranones are weak nucleophiles that can be alkylated to 
the oxygen atom by powerful alkylating agents; thus thiopyranones 140 
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(Z = S,R = H,Ph) react with dimethyl sulfate to give 4-methoxythiopyr- 
ylium salts 142 and 143, respectively [57AC(R)1244; 58CB1224], Cation 
143 has been also obtained by methylation of 140 (Z = S, R = Ph) 
with methyl o-nitrobenzenesulfonate (63ZOB1864). 2,6-Diphenyl-4//- 
telluropyran-4-one [140 (Z = Te, R = Ph)] has been converted to the 
corresponding 4-ethoxytelluropyrylium salt by reaction with ethyl fluoro- 
sulfate (82JOC5235). 



(140) (141) (142) R = H 

(143) R = Ph 


Thiopyran-2- and -4-ones react with oxalyl chloride or bromide to yield 
2- and 4-halogenothiopyrylium salts, respectively. The reaction, exempli¬ 
fied for thiopyran-4-one in Scheme 10, probably proceeds through the 
formation of a nonisolable thiopyrylium ester 144, which undergoes frag¬ 
mentation to 4-chlorothiopyrylium (145), carbon oxide, and carbon dioxide 
(68ZC171). Cation 145 and analogous species are present in solution mainly 
in the ionic form (68ZC171), although the equilibrium with the pyranic 
form 135 can be affected by solvent polarity (68CB3990). Besides 145, 
other thiopyrylium cations have been prepared by this procedure, for 
example 146-149 [68ZC171; 69JPR61; 84BSF(2)241 ]. The reaction has 
proved to be successful also with 2,6-diphenyl-4//-selenopyran-4-one [140 
(Z = Se, R = Ph)], yielding cation 150 [84BSF(2)241], 

The reaction of thiopyranones with thionyl chloride (28CB1375; 
46JCS604; 68CB346; 75CB2397), and phosgene (68CB3990) to yield chlo- 
rothiopyrylium salts probably proceeds, analogously to the reaction with 
oxalyl chloride, through the formation of the thiopyrylium ester intermedi- 


I + (COCI) 2 




(144) 

Scheme 10 


(145) 
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ates 151 and 152, which lose S0 2 and C0 2 , respectively. Another reagent 
converting thiopyranones into chlorothiopyrylium salts is phosphorus pen- 
tachloride (69JPR61). Treatment of a thiopyranone with POCl 3 and an 
activated aromatic compound can lead to the product of substitution 
through the intermediacy of the corresponding chlorothiopyrylium ion 
(83HCA2165) (Section IV,C,7). 



(146) X = Cl (148) (149) Z=S (151) X=S 

(147) X= Br (150) Z = Se (152) X= C 


Thiopyran-2- and -4-ones are also weakly electrophilic and can undergo 
the attack of strong nucleophiles at C-2 and C-4, respectively. The reduc¬ 
tion of thiopyran-2- and -4-ones with complex hydrides yields as intermedi¬ 
ates thiopyranols (pseudo base), which after treatment with acids lead to 
thiopyrylium salts unsubstituted at C-2 or C-4, respectively. For example, 
2,6-diphenyl-4//-thiopyran-4-one [140 (Z = S, R = Ph)] reacts with an 
excess of LiAlH 4 to give the -y-thiopyranol 153 , which after treatment with 
HC10 4 in AcOH yields 2,6-diphenylthiopyrylium ion ( 18 ). Analogously, 
2,4-diphenylthiopyrylium ( 154 ) has been obtained by reaction of the corre¬ 
sponding thiopyran-2-one with LiAlH 4 (in a 4:1 molar ratio) followed by 
acid treatment (70CJC3388). Degani et al. carried out the reduction of 4 H- 
thiopyran-4-one with A1H 3 to obtain after acidification the unsubstituted 
thiopyrylium ion (2) (63TL1167; 64G203). Surprisingly, the reduction of 
chalcogenopyran-4-ones 140 (Z = O, S, Se, Te. R = Bu'; Z = Te, 
R = Ph) with diisobutylaluminum hydride afforded the corresponding 4H- 
chalcogenopyrans as main products instead of the expected pyranols; 
there are indications that the reaction proceeds in this case through radical 
species (88MI4). 



(153) (154) 

Grignard reagents and lithium alkyls attack the C-4 atom of chalcogeno- 
pyran-4-ones to yield the corresponding -y-pyranols that upon acidification 
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are converted into chalcogenopyrylium salts substituted in the y position. 
A selection of chalcogenopyrylium salts prepared by reaction of the corre¬ 
sponding 4//-chalcogenopyran-4-one and the appropriate Grignard reagent 
is represented by structures 23 , 24 , 42 , 49 , and 61-70 (56HCA217; 
76JHC1089; 77JHC1399; 86MI2; 88MI1; 92MI2). Reaction of AH- 
thiopyran-4-one with either methylmagnesium iodide or cyclopentadieny- 
sodium proved to be unsuccessful, the protonated form of the starting 
thiopyranone being recovered after the acid work-up (65JCS3037). Meth- 
yllithium has been used with selenopyranones 140 (Z = Se, R = Bu', 
Me) to obtain 2,6-di-/er/-butyl-4-methyl- ( 63 ) [90AG(E)424] and 2,4,6- 
trimethyl-selenopyrylium cations (74UKZ287), respectively. 



(155) (156) 


2,6-Diphenyl-4//-thiopyran-4-one [140 (Z = S, R = Ph)] has also been 
found to undergo the Reformatsky reaction when treated with alkyl esters 
of a-halogenoacetic acids or ■y-bromocrotonic acid in the presence of 
zinc to give 4-carboalkoxymethyl- ( 155 , n = 0) or 4-(3-carboalkoxy-2- 
propenyD-substituted ( 155 , n = 1) thiopyry lium derivatives (73KGS1317). 
Ivanov’s reagent [Na0 2 CCHPhMgCl] reacts with 2,6-diphenyl-4//- 
thiopyran-4-one to give, after acidification, thiopyry lium ion 156 
(73KGS1317, 73URP382617). The same thiopyranone also reacts with 
chlorosulfonyl isocyanate to give after acidification the 4-aminothiopyry- 
lium cation 157 (77JHC539). The reaction probably proceeds through the 
intermediacy of the spiro compound 158 (74JHCI95). 



(157) (158) 


Thiopyranthiones behave similarly to thiopyranones; they can be pro¬ 
tonated or alkylated to the exocyclic sulfur to give mercaptothiopyrylium 
salts [75MI2; 84ZN(A)267] or alkylthiothiopyrylium salts, respectively. 



Sec. III.B] THICK SELENO-, AND TELLUROPYRYLIUM SALTS 


117 


Alkylation of thiopyranthiones occurs more readily than that of thio- 
pyranones. Thus a large number of alkylthiothiopyrylium salts have 
been prepared by reaction with alkyl halides, dimethyl sulfate, methyl 
o-nitrobenzenesulfonate, and trialkyloxonium fluoroborates [56AC(R)821; 
65LA188; 66KGS183; 67JOC3144. 67LA140; 69JPR61; 73BSF586, 
73JPR679 ; 74BSF1196, 74BSF1356; 76BSF1195, 76JOC818], Some com¬ 
mon alkylthiothiopyrylium cations prepared from the corresponding 
thiopyran-2- and 4-thiones are those represented by structures 159 - 162 . 



(159) Ri = Ph, R* = Me (161) R = Me 

(160) Ri = CMe 3 , R2 = Et (162) R = Ph 


A number of thiopyran-2-thiones have been alkylated with a-halogeno- 
ketones yielding thiopyrylium cations of the type 163 [74BSF1356; 
80BSF(2)427; 84AP938; 86MI3; 87FES465]. 



(163) 


On the analogy of thiopyranones, thiopyranthiones react with oxalyl 
halides or phosphorus pentachloride to yield halogenothiopyrylium salts. 
Thus 4,6-diphenyl-2//-thiopyran-2-thione ( 164 ) reacts with oxalyl chloride, 
and bromide to give cations 146 , and 147 , respectively (69JPR61). The 
transformation of 164 in 146 has been also carried out with PC1 5 in refluxing 
toluene [69JPR61; 79JCS(P1)1957]. Treatment of a thiopyranthione with 
POCl 3 , PC1 5 and an activated aromatic compound can lead to the product 
of substitution through the intermediacy of the corresponding chlorothio- 
pyrylium ion [77JCS(P1)1511] (Section IV,C,7). 

The thiopyranthione 164 is acetylated by a mixture of Ac 2 0 and HCI0 4 
giving cation 165 (69JPR61). 



(164) 


(165) 


'SCOMe 
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Thiopyran-2-thiones undergo mercuration at the exocyclic sulfur atom 
with HgCl 2 in methanol. By this procedure the mercurated cation 166 has 
been obtained (73BSF586). Mayer et al., treating 2//-thiopyran-2-thione 
with HgCl 2 in MeOH, obtained an adduct whose structure is probably 
167 (67LA140). In contrast when the reaction was carried out in water, or 
with Hg(OAc) 2 , 2//-thiopyran-2-one was obtained (57CB2362; 67LA140). 



(166) R 1 = p-MeOC 6 H 4 CO, 

R 2 = p-MeOC 6 H 4 

(167) R 1 = R 2 = H 

A useful reaction is the treatment of thiopyran-2-thiones with peracetic 
acid to form 2-unsubstituted thiopyrylium ions. Although the reaction 
actually involves reduction of the ring system, the exocyclic sulfur atom 
is oxidized and eliminated as sulfate (70CJC3388; 74CJC3021). For ex¬ 
ample, 2,4-diphenylthiopyrylium ion ( 154 ) has been prepared from the 
thiopyran-2-thione 164 . The reaction does not succeed with thiopyran- 
4-thiones; thus reaction of 2,6-diphenyI-4/f-thiopyran-4-thione [122 
(R 1 = R 2 = Ph)] with peracetic acid gives the thiopyran-4-one 140 
(Z = S, R = Ph), instead of 2,6-diphenylthiopyrylium cation (18). 

From an examination of the literature it would seem that thiopyranthi- 
ones, in contrast with thiopyranones, do not usefully react with nucleo¬ 
philic reagents to give thiopyrylium salts. For example, the reaction of 
the thiopyran-4-thione 122 (R 1 = R 2 = Me) with PhMgBr affords the 
bithiopyranylidene 14 (Z = S, R = Me) (77CC177). This conclusion is 
also suggested by some patents in which, in order to prepare 2,6-di-rm- 
butyl-4-methylthiopyrylium cation ( 62 ), the thiopyran-4-thione 122 (R 1 = 
R 2 = Bu') instead of being directly treated with MeMgl, is first converted 
to the corresponding thiopyranone 140 (Z = S,R = Bu')( 81 JAP 81 - 14560 , 
81JAP81-29586, 81JAP81-30465). 

Thiopyranimines have found little use in the preparation of thiopyrylium 
salts. On the analogy of thiopyranones and thiopyranthiones, they can 
be protonated or alkylated yielding aminothiopyrylium salts. Thus the 
thiopyran-2-imine 168 treated with perchloric acid in EtOH is protonated 
to the nitrogen atom giving the corresponding 2-aminothiopyrylium per¬ 
chlorate (76JPR705), and thiopyran-2-imines 169-171 are methylated by 
Mel to the corresponding A-methyl thiopyrylium derivatives [69JPR61; 
77JCS(P1)1436]. 
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< 168 ) (169) R = Bu 


(170) R = PhCH 2 

(171) R = Ph 

Alkylidenechalcogenopyrans can be protonated at the exocyclic carbon 
atom yielding the corresponding chalcogenopyrylium ions in a reversible 
reaction. In fact alkylidenechalcogenopyrans are considered the anhy- 
drobases of chalcogenopyrylium ions possessing alkylic CH groups in 
positions 2, 4, or 6. Anhydrobases are often unstable unless the exocyclic 
carbon is bonded to electron-withdrawing groups or groups capable of 
extending the conjugation of the whole system. The main routes to anhy¬ 
drobases are via phosphorus derivatives (Section IV,C,6), or via reactions 
with CH acids (Section IV,C,7). Thus, for example, the 4-benzylidenethio- 
pyran 172 and the seleno analog 173 , prepared from the corresponding 
chalcogenopyranylphosphonates, can be protonated to yield cations 174 
and 175 , respectively (73ZOB359). Analogously cations 176 and 177 have 
been obtained by protonation of the corresponding anhydrobases (85T811; 
89MI2). 



Z Ph Ph Z Ph Me 3 C S CMe 3 Me 3 C 

(172) Z=S (174) Z=S (176) (177) 

(173) Z= Se (175) Z= Se 


In some cases, anhydrobases instead of being protonated at the exocy¬ 
clic carbon atom are protonated at a vinylogous or phenylogous position. 
This is shown, for example, by the anhydrobases 178 , 179 [R 1 , R 2 , R 4 = 
Ph, Me; R 3 = H; R 3 R 4 = (CH 2 ) 3 ], 180 , and 181 , where the atom that 
undergoes protonation is indicated by an arrow (64JA708; 68CB3990; 
75CB2397; 89JPR763). Other molecules analogous to 178 , which can be 
considered sulfur analogs of sesquifulvalene, have been investigated 
[63CI(L)1559; 69AG(E)478; 72LA93]. 

Anhydrobases can react with electrophilic reagents to yield chalcogeno¬ 
pyrylium salts. Often, however, anhydrobases are generated in situ by 
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(178) (179) (180) (181) 


reaction of an alkylchalcogenopyrylium ion with a suitable base. These 
cases are reviewed in Section IV,B,1. Here are reported only those prepa¬ 
rations starting from preformed anhydrobases. Thus treatment of 4-benzyl- 
idenethiopyran 172 with Hg(OAc) 2 (in a 1:1 molar ratio) or HgCl 2 (in a 
1:2 molar ratio) affords the mercurated thiopyrylium salts 182 • AcCT 
and 183 ■ HgCl 3 ~, respectively (77URP541848). The same anhydrobase 
reacts with bromine in CHC1 3 to yield cation 184 (75URP469695). 

Some anhydrobases can give chalcogenopyrylium salts by hydroly¬ 
sis and decarboxylation in acidic media. Thiopyranylidene 185, prepared 
by condensation of 2,6-dimethyl-4//-thiopyran-4-one [140 (Z = S, R = 
Me)] and ethyl cyanoacetate, treated with HC10 4 undergoes hydrolysis 
and decarboxylation to yield 2,4,6-trimethylthiopyrylium perchlorate 
(74UKZ287). Analogously telluropyranylidene 186, obtained by reaction 
of 4-ethoxy-2,6-diphenyltelluropyrylium and Meldrum’s acid in pyridine, 
when heated in formic acid affords 4-methyl-2,6-diphenyltelluropyrylium 
ion (82JOC5235). 

Anhydrobases 179 have been condensed with a number of para- 
substituted anilines (ArNH 2 ) to give thiopyrylium salts 187 (84ZC183). 
The same anhydrobases have been converted, at room temperature in 
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acidic methanol solutions, to symmetrical 2,2'-thiopyrylotrimethine dyes 
190 in nearly quantitative yield. The reaction proceeds through the proton- 
ated hemiacetal 188, which losing a molecule of methyl formate yields 
the anhydrobase 189. This condenses in the medium with another molecule 
of 179 to yield the final product (84ZC146; 89JPR763). The reaction is also 
successful with the seleno analogs of anhydrobases 179 (84ZC146). 



(190) 


Bithiopyrylium dications 13 can be prepared by oxidation of bithiopyra- 
nylidenes 14. Thus 13 (Z = S, R = Ph) has been prepared from the corre¬ 
sponding bithiopyranylidene 14 by oxidation with chlorine or bromine in 
chlorinated solvents (30CB3121; 73LA1036), or with Cu(C10 4 ) 2 in acetoni¬ 
trile (69JHC623). Bithiopyranylidene 14 (Z = S, R = Me) has been oxi¬ 
dized to the corresponding bithiopyrylium 13 by treatment with HC10 4 in 
acetone (73LA1036). 

4. Syntheses from Other Cyclic Systems 

The first preparation of the unsubstituted thiopyrylium ion (2), illus¬ 
trated in Scheme 11, has been developed by Pettit starting from thiophene 
(60TL11). 

Soon afterward two routes for the preparation of 2 were proposed by 
Liittringhaus and Engelhard (61AG218). The two routes, illustrated in 
Scheme 12, have, as common intermediate, l-thia-3-cyclohexen-5-ol ob¬ 
tained by LiAlH 4 reduction of l-thia-3,5-cyclohexandione. 
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l-Thia-2-cyclohexen-5-one (191) and l-thia-3-cyc!ohexen-5-one (192) 
can be converted into 3-hydroxythiopyrylium (194) by treatment with 
triphenylmethyl perchlorate in acetonitrile. Analogously 193 is converted 
into 3-hydroxy-5-methylthiopyrylium ion (107). If the reaction is carried 
out in AcOH-Ac 2 0 the acetylated thiopyrylium salts 195 and 196 can 
be obtained. The latter salts can be deacetylated to yield 194 and 107, 
respectively, by treatment with trifluoroacetic acid [75JCS(P 1)2099]. 

Triphenylmethyl perchlorate, generated in situ by triphenylmethanol 
and HC10 4 , has been reported to oxidize also 2,6-diphenylthiacyclohexane 
to 2,6-diphenylthiopyrylium cation (18), and the thiacyclohexanol 197 to 
4-methyl-2,6-diphenylthiopyrylium cation (66HCA2046). The latter oxida¬ 
tion has been also carried out with triphenylmethyl trifluoroacetate gener¬ 
ated in situ (75S638). The same procedure has been applied to the oxidation 
of the thiacyclohexanol 198 (76JHC1089). 



(191) (192) R = H (194) R 1 = R 2 = H (197) R 1 = Ph, R 2 = Me 

(193) R = Me (195) R 1 = Ac, R 2 = H (198) R 1 = H, 

(196) R 1 = Ac, R 2 = Me R 2 = p7u1e 2 NC 6 H 4 


2,6-Diphenyl-l-thiacyclohexan-4-one reacts with PC1 5 to give a mixture 
of 4-chloro- (149) and 3,4-dichloro-2,6-diphenylthiopyrylium (199) chlo¬ 
rides (68ZC171). 

Dihydrothiopyrans 200 and 201 treated with CF 3 C0 2 H disproportionate 
to give the corresponding thiopyrylium trifluoroacetates and thiacyclohex- 
anes (Section III,A), showing that the disproportionation of dihydrothio- 
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(199) (200) (201) 

pyrans occurs regardless of the location of the double bond (75ZOR2447; 
77ZOR443). 

The 2-methoxy-dihydrothiopyrans 202 (R 1 , R 2 = aryl groups) react in 
AcOH with HC1 or HC10 4 forming the corresponding tetrahydrothiocro- 
menylium chlorides or perchlorates [77 (n = 2)] (70ZOR193). 

Treatment of the hydroxyketones 203 (R = H, Me, Pr, Ph, p-ClC 6 H 4 , 
p-BrC 6 H 4 ) with H,S and an acid, e.g., HCI, HCI0 4 , BF, • OEt 2 , gives the 
corresponding octahydrothioxanthylium salts 79 (n = 2) and perhydrothi- 
oxanthenes (78KGS1615). 



(202) (203) 


2,6-Bis(hydroseleno)-l-selenacyclohexanes 86 (R 1 = Ph, R 2 = H; 
R 1 = R 2 = Ph; R 1 = p-MeOC 6 H 4 , R 2 = Ph; R 1 = R 2 = p-MeOC 6 H 4 ), 
which are produced in the ring closure of 1,5-pentanediones with H 2 Se 
in acidic media (Section 111, A), when treated with acids (CF 3 C0 2 H, or 
HCI0 4 , or BF 3 • Et 2 0) in benzene, yield the corresponding selenopyrylium 
cations and selenacyclohexanes, along with selenium (83URP1051089; 
84KGS1283, 84KGS1634). The reaction occurs through the intermediacy 
of 4/f-selenopyrans. 


IV. Reactions 


A. Anion Exchange Reactions 

Replacement of the counterion of a chalcogenopyrylium cation with 
another is usually carried out to characterize the salt in question; to mod- 
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ify its physical properties, with particular regard to its stability and solu¬ 
bility; and to get rid of anion that could interfere in a certain applica¬ 
tion. 

The most simple anion exchange reaction is the metathesis reaction; it 
can be conveniently applied when the solubility of the desired salt is lower 
than that of the starting one. For example, since thiopyrylium chlorides 
are usually readily soluble, they can be easily converted into iodides, 
chloroferrates, and perchlorates (70KGS900). 

Owing to the low solubility of most of the chalcogenopyrylium perchlo¬ 
rates, simple addition of HC10 4 generally causes their precipitation 
(63NKZ432; 87MI3). Indeed it is usual to add perchloric acid at the end 
of a preparation of a chalcogenopyrylium ion to precipitate the perchlorate 
salt. Chalcogenopyrylium perchlorates can be readily purified by dissolu¬ 
tion in CH 3 CN or CH 2 C1 2 and reprecipitation by addition of a large amount 
of ethyl ether. 

In the cases in which the desired salt is not significantly less soluble 
than the starting one (but consider also that in a different solvent or 
conditions the solubilities can be reversed), one can exploit the low solubil¬ 
ity of the other couple of ions that form in the metathetical reaction, thus 
leaving in solution the desired chalcogenopyrylium salt. For example, 
2,4,6-triphenylthiopyrylium (9) tosylate could be obtained by treating 
9 BF 4 “ in EtOH with KOTs, exploiting the low solubility of KBF 4 in 
EtOH (66NKZ1069). Alternatively, treating the chalcogenopyrylium salt 
with a suitable nucleophile, one can obtain a neutral adduct that is ex¬ 
tracted with an organic solvent and treated with the appropriate acid 
to restore the chalcogenopyrylium system. By this procedure, using 
methoxide ion as nucleophile (Section IV,C,3), pyrylium, thiopyrylium, 
and selenopyrylium salts having as counter-ions HC0 2 “, PhC0 2 ~, 
H0C 6 H 4 C0 2 “ have been prepared (88URP1447824). Another method 
makes use of ion-exchange resins. Thus exchange of perchlorate, fluoro- 
borate, and hexafluorophosphate anions for chloride has been carried out 
by treating chalcogenopyrylium salts of the above anions with Amberlite 
IRA-400 (Cl) ion-exchange resin in methanol solution (90JMC1108, 
90USP4916127). 

An unusual anion exchange takes place in the reaction between 2,6- 
diphenylthiopyrylium (18) iodide and tetracyanoquinodimethane (TCNQ) 
in acetonitrile. The iodide ion undergoes oxidation to iodine, leaving as 
counter-ion of 18 the radical anion of TCNQ (77TH1). Salts of this type 
have been also prepared by metathesis (69JCP377). 

2,4,6-Triphenylthiopyrylium (9) trihalides have been prepared by addi¬ 
tion of a solution containing a halogen to a solution of a halide of 9 
(65NKZ534). 
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B. Reactions Involving Ring Substituents 
1. Reactions of Alkyl Substituents 

Chalcogenopyrylium salts possessing CH 3 , CH 2 R, or CHR 2 groups in 
a or y positions easily undergo deprotonation affording a- or -y-alkylide- 
nechalcogenopyrans. Reactions of preformed alkylidenechalcogenopyr- 
ans yielding chalcogenopyrylium ions have been described in Section 
III,B,3. 

In some cases alkylidenechalcogenopyrans are not stable under basic 
conditions. In this respect it has been reported that 2,6-diphenyl-4- 
methylthiopyrylium ion (204) in aqueous acetone in the presence of alkali 
undergoes oxidation to yield the dimerization product 72 (Z = S, n = 1) 
(74KGS49). As observed for 4-methyl-flavylium and -thioflavylium ions, 
it is probable that the oxidant of the anhydrobase is not atmospheric 
oxygen but the starting cation itself (69TL2047). Analogously, cations of 
the type 77 (R 1 = Ph, p-MeOC 6 H 4 , R 2 = Ph, n = 2) are oxidized by 
potassium ferricyanide in alcoholic sodium hydroxide to yield dimers 207 
and 208 (87ZOR2019). Dimeric products of this sort are bis-anhydrobases 
and as such can be protonated to yield bis-thiopyrylium dications 
(74KGS49; 87ZOR2019). Dimerizations of this type can be also carried 
out electrochemically (84JOC4843). A different dimerization type is ob¬ 
served by reaction of octahydrothioxanthylium 79 (R = H, n = 2) with 
pyridine or an aqueous solution of NaHC0 3 in EtOH, the dimer having 
the structure 209 (89KGS479). 



From the kinetics of deuterium exchange of methyl-substituted thiopyr- 
ylium salts, it has been concluded that deprotonation of a -y-methyl group 
occurs faster than that of a a-methyl group. This behavior is analogous 
to that of methyl-substituted pyrylium salts, although the activating effect 
of oxygen is greater than that of sulfur (69MI2). 
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Alkylidenechalcogenopyrans possess an electron-rich exocyclic car¬ 
bon atom, as suggested by the resonance structures 210b and 211b, 
which is able to react by nucleophilic attack with aldehydes and de¬ 
rivatives, chalcogenopyranones, formamide derivatives, orthoesters, 
electron-deficient compounds, and other electrophiles, such as tetra- 
cyanoethylene, bromine, and nitrosonium ion. The reactions with the 
above substrates will be described in the given order. Since a- and -y-alkyl 
chalcogenopyrylium ions show analogous behavior, only the reactions 
of y-alkyl chalcogenopyrylium salts will be graphically illustrated, imply¬ 
ing that analogous schemes hold for the a-alkyl substituted cations. 



(210a) (210b) (211a) (211b) 


Condensation of alkyl-substituted chalcogenopyrylium ions with alde¬ 
hydes can be represented by Eq. (4). The reaction is usually carried 
out by heating the reactants in Ac 2 0 or in Ac 2 0-AcOH mixtures. The 
aldehydes that have been utilized are more or less extensively conjugated, 
and major applications of the reaction are found in the synthesis of cyanine 
dyes incorporating chalcogenopyrylium nuclei at the ends of a polymethine 
chain. The chalcogenopyrylium salts most utilized in the condensation 
with aldehydes are the methyl-substituted ones, such as 62-64,109, and 
204-206. Condensation of thiopyrylium salts with aldehydes was first 
performed by Wizinger and Ulrich, who treated 2-methyl-4,6-diphenyl- 
(109) and 4-methyl-2,6-diphenyl thiopyrylium salts (204) with substituted 
benzaldehydes and cinnamaldehydes (56HCA217). Successively the re¬ 
action has been extensively applied, also with the heavier chalcogeno¬ 
pyrylium ions (74KGS53, 74KGS64; 75KGS617; 76KFZ73; 77JOC885; 
80JPR543; 81JAP81-29586; 82JOC5235, 82KGS1178; 84JAP59-41363; 
85UKZ1198; 87ZC443; 88EGP253428, 88EGP258009, 88MI1; 90JA3845, 
90JMC1108). 



In the presence of two active methyl or methylene groups, the condensa¬ 
tion can occur with two equiv. of aldehyde. Thus compound 212 has been 
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prepared by the condensation of 77 (R 1 = H, R 2 = Me, n = 2) with two 
equiv. of /V./V-dimethylaminobenzaldehyde (76KFZ73). 



OHC—fC=C-}—C=CHOH 

(212) R = p-Me 2 NC 6 H 4 K \ \ \ 

(213) R = NMe 2 (215) 


Two equiv. of a chalcogenopyrylium ion can be condensed with 1 equiv. 
of a bisaldehyde of type 214, actually present in the conjugated enolic 
form 215, to prepare extended polymethine cyanine dyes. For example, 
by condensation of two equiv. of 2,6-diphenyl-4-methyltelluropyrylium 
(206) with one equiv. of the bisaldehyde 216, the stable bis(telluropyrylo)- 
heptamethine dye 217 has been prepared (82JOC5235). Similar condensa¬ 
tions have been also carried out with derivatives of bisaldehydes, such 
as 218-220. Condensations of this type are usually carried out in Ac 2 0 
or Ac 2 0-AcOH mixtures in the presence of sodium acetate, and prob¬ 
ably proceed through the intermediate formation of alkoxypolyenyl- and 
aminopolyenyl-chalcogenopyrylium salts, e.g.. 221 and 222, respec- 



(220) 


(221) X= OR 

(222) X= NR 2 
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lively (74KGS49; 78UKZ838; 81GEP3031595, 81KGS117, 81KGS1195; 
82JOC5235; 83KGS1559; 84GEP3316666, 84KGS451; 85UKZ95, 

85UKZ1066; 86ZOR170; 87KGS760). Compounds of types 221 and 222 
can be prepared independently and condensed with chalcogenopyrylium 
ions possessing active methyl or methylene groups (74KGS53; 80KGS898; 
82KGS1178). 

An interesting observation was made by Detty et al. in the course of 
the preparation of the trimethine cyanine dyes 223-232 by condensation 
of 2,6-di-ter(-butyl-4-methylchalcogenopyrylium cations 61-64 and alde¬ 
hydes 233-236 (90JMC1108). Whereas the preparations of symmetrical 
dyes 223, 225, 228, and 232 are straightforward, the preparations of the 
unsymmetrical dyes 224, 226, 227 and, in particular, 229-231 are not as 
straightforward. Although 224, 226, and 227 can be prepared in greater 
than 98% purity, trace amounts of the symmetrical dyes 223, 225, and 
228 in appropriate combinations can be detected by 'H NMR. In preparing 
the unsymmetrical telluropyrylium dyes 229-231, the scrambling of het¬ 
eroatoms can be extensive to the point that a statistical distribution of all 
combinations can be isolated. For example, the preparation of 231 from 
the chloride of selenopyrylium cation 63 and telluropyranylidene aldehyde 
236 in Ac 2 0 gives a 1:2:1 mixture of 228, 231, and 232, respectively. 
Use of PF 6 ~ as counter-ion of 63 instead of Cl - gives less scrambling. 
Two mechanisms for the scrambling have been considered: the first is a 
reverse-aldol reaction that can follow either of two routes shown in 
Scheme 13; the second would involve nucleophilic addition to the 
a-position of the chalcogenopyrylium ring followed by ring-opening. In 
the first mechanism scrambling occurs between the two heterocyclic rings, 
whereas in the second only the scrambling of heteroatoms is involved. 
The second mechanism has been ruled out by a simple labeling experiment. 
The ability of telluropyrylium dyes to undergo oxidative addition of halo¬ 
gens to give isolable compounds (Section IV,C,2) offers a method of 



(223) z = Y = o 

(224) Z= S, Y = O 

(225) Z= Y = S 

(226) Z = Se, Y = O 

(227) Z= Se, Y = S 


(228) Z = Y = Se 

(229) Z = Te, Y = O 

(230) Z = Te, Y = S 

(231) Z = Te, Y = Se 

(232) Z = Y = Te 



(233) Z = O 

(234) Z = S 

(235) Z = Se 

(236) Z = Te 
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Scheme 13 


purification for unsymmetrical telluropyrylium dyes (90JMC1108, 
90USP4963669). 

Chalcogenopyrylium salts possessing a- or y-methyl or methylene 
groups react with 4f/-chalcogenopyran-4-ones to yield monomethine cya¬ 
nine dyes as shown in Eq. (5). Usually the reaction occurs in refluxing 
acetic anhydride. Various monomethine dyes have been prepared by this 
procedure with all possible combinations of chalcogens (56HCA217; 
66KGS183; 77JHC1399; 78AP170, 78AP236; 82JOC5235, 82KGS1178; 
88MI1). 

z^-c V , (5) 

Although, normally, /3-alkyl-substituted thiopyrylium salts do not con¬ 
dense with either aldehydes or chalcogenopyranones, it has been reported 
that the 5//-indeno[2,l-b]thiopyrylium ion 237 reacts with 2,6-diphenyl- 
4//-pyran-4-one to yield the condensation product 238 (77JHC119). 



(237) 


(238) 
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Chalcogenopyrylium salts with active methyl or methylene groups react 
readily with dimethylformamide or thioformamide in hot acetic anhydride 
to give a- or y-(/V,Af-dimethylaminovinyl)chalcogenopyrylium salts as 
shown in Eq. (6) (76KFZ73; 81KGSU95; 82JOC5235). 



In the presence of two of these active groups, the condensation can 
occur with two equiv. of dimethylformamide; thus compound 213 has 
been prepared from 77 (R 1 = H, R 2 = Me, n = 2) (76KFZ73). N,N- 
Dimethylaminovinyl-chalcogenopyrylium salts can be hydrolyzed in aque¬ 
ous acetonitrile in the presence of alkali to afford chalcogenopyranylidene 
acetaldehydes, e.g., 236(81KGS1195;82JOC5235). Aminobutadienylthio- 
pyrylium salts have been hydrolyzed under analogous conditions 
(87ZC443; 88EGP253428). 

Diphenylformamidine reacts with 2 equiv. of 2,6-di-fm-butyl-4-methyl- 
thiopyrylium cation (62) to yield the trimethine dye 225 presumably 
through the intermediacy of the anilinovinyl derivative 239 (81JAP81- 
30465). Analogous anilinovinyl derivatives (240 and 241) have been pre¬ 
pared by reaction of 4-methyl-2,6-diphenylthiopyrylium (204) and seleno- 
pyrylium (205) ions, respectively, with ethyl A/-phenylformimidate 
(PhN=CHOEt) (74KGS53). 



(239) Z = S, R = CMe 3 

(240) Z = S, R = Ph 

(241) Z= Se, R= Ph 


The condensation between a- or y-alkylchalcogenopyrylium salts and 
orthoesters leads to trimethine dyes as shown in Eq. (7). The reaction is 
carried out in hot Ac 2 0 or AcOH or mixtures of the two solvents, in 
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the presence of a base such as pyridine or sodium acetate (56HCA217; 
74KGS49; 84KGS451,84KGS1486; 87KGS760). Alkoxyvinyl chalcogeno- 
pyrylium derivatives are formed as intermediates. 

Cationic substrates with a leaving group can undergo the nucleophilic 
substitution by alkylidenechalcogenopyrans. Thus the indolium cation 242 
reacts with 4-methyl-2,6-diphenylthiopyrylium ion (204) in Ac 2 0 in the 
presence of AcONa to yield the condensation product 243; similarly 
2-methylthio-5-methyl-l,3-benzodithiolylium (244) undergoes the nucleo¬ 
philic substitution by 204 in AcOH with AcONa to yield compound 
245 (66HCA2046). Analogous substitutions occurs with alkylthiochalco- 
genopyrylium ions yielding monomethine cyanine dyes (75KGS612; 
80KGS898; 81J AP81-14560; 85MI3; 88KGS167). For example the symmet¬ 
rical monomethine dye 30 can be prepared by reaction of 2,4-di-tcrt-butyl- 
6-methylthiopyrylium (110) and 2,4-di-ter/-butyl-6-ethylthiothiopyrylium 
(160) (88KGS167). 


204 


204 



Me (242) 




Similar substitutions can also occur with hydrogen as leaving group if 
a suitable oxidant is present; this usually is the cationic substrate itself 
(Scheme 14). The products are also in this case monomethine cyanine 
dyes (66HCA2046; 73KGS1004; 74KGS49). 

A variant of this reaction is illustrated by the reaction of 2,6-diphenyl- 
thiopyrylium (18) and 2,6-diphenyl-4-stirylthiopyrylium in the presence of 
NaOAc in Ac 2 0 or CHC1 3 , yielding the benzylmethine cyanine dye 246 
(77URP546615). In this case the hydride transfer is probably intramo¬ 
lecular. 

An interesting reaction has been reported to occur between 4,6-diaryl- 
2-methylthiopyrylium salts and 3,5-diaryl- 1,2-dithiolyHum salts in boiling 
acetic acid and pyridine [77JCS(P1)1511]. If the aryl groups present in 
one of the two heterocycles are different from those present in the other, 
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e.g., phenyl groups in the thiopyrylium ring and tolyl groups in the dithio- 
lylium ring or vice versa, the product consists in a mixture of two isomeric 
thienylthiopyrylium ions 247 and 248 in which the aryl substituents are 
scrambled. This results points clearly to a reaction intermediate, such as 
the spirobithiopyran 249, in which the aryl substituents originally present 
in the dithiolylium salt have become equivalent, in their site occupancy, 
to those originally present in the thiopyrylium salt. The proposed reaction 
mechanism is reported in Scheme 15. The products are formed by oxida¬ 
tion of intermediates 250 and 251 which are in rapid equilibrium between 
them through the spirobithiopyran 249. It is not clear whether the oxidizing 
agent is extruded sulfur or atmospheric oxygen. 



( 24fi ) (247) R 1 = Ph, R 2 = p4V!eCgH 4 (249) R = p-MeC 6 h 

(248) R 1 = p-MeC 6 H 4 . R 2 = Ph 


Reaction of 2,6-diphenyl-4-methylthiopyrylium (204), and 4,6-diphenyl- 
2-methylthiopyrylium (109) salts with tetracyanoethylene in pyridine gives 
tricyanopropenylidene thiopyrans as shown in Eq. (8). Two alternative 
reaction mechanisms have been proposed (77JHC1245). If the reaction is 
carried out in methanol in the absence of pyridine only charge-transfer 
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Nitrosation of tetrahydrothiocromenylium ions [77 R 1 = Ph, p- 
MeOC 6 H 4 , R 2 = H, Ph, p-MeOC 6 H 4 ; n = 2)], or octahydrothio- (79, 
R = H, n = 2) and-selenoxanthylium ions, with sodium nitrite in AcOH 
containing EtOH and Ac 2 0 affords a nitroso derivative, which rearranges 
immediately to furnish a tautomeric oxime in the Z configuration; e.g., 77 
(R 1 = Ph,R 2 = H ,n = 2) is converted into the Z-oxime 252 (85ZOR26 17; 
89ZOR2246; 90ZOR405). The oxime 252 underwent Beckmann re¬ 
arrangement to give the lactam 253 in good yield (89ZOR2246). 
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2,6-Diphenyl-4-methylthiopyrylium (204) and 4,6-diphenyl-2-methyl- 
thiopyrylium (109) ions have been brominated in AcOH containing 
Hg(OAc) 2 affording the corresponding thiopyrylium ions in which the 
methyl group is converted into the dibromomethyl group (77URP546614). 

2. Reactions of Other Substituents 

There are only scattered examples about reactions of substituents other 
than alkyl groups. 

Because of the deactivating effect of the positive charge, no electrophilic 
substitution is known for the chalcogenopyrylium rings; however, aryl 
substituents may be substituted electrophilically. Thus the phenyl ring of 
2,6-di-/erf-butyl-4-phenylthiopyrylium ion (46) has been nitrated by 100% 
HNOj to yield the product of para-substitution 43 (86JA3409). Nitration 
of 2,4,6-triphenylthiopyrylium cation (9) has been reported to give the 
trinitroderivative 254 (83MI1). An independent attempt to nitrate cation 
9 with 100% HNOj afforded a yellow solid that was not characterized 
because of rapid decomposure by contact with air (85UP1). 



Alkylthiothiopyrylium salts can be dealkylated by various nucleophilic 
reagents to give thiopyranthiones. Thus cations 255 (R = Me, Et) can be 
dealkylated by iodide ion after heating at 100°C in bromobenzene giving 
mixtures of thiopyran-2- and 4-thiones (67JOC3144); 2,4-dimethylthiothio- 
pyrylium ion is demethylated in refluxing pyridine to yield only the corre¬ 
sponding thiopyran-2-thione (81TL4507). Small amounts of alkyl iodides 
catalyze the rearrangement of 4//-thiopyran-4-thiones of the type 256 into 
their 2 H isomers 257. The reaction proceeds through the alkylation of 256 
to yield the thiopyrylium salt 255, which is then dealkylated at the 
2-position by iodide ion to yield 257 (67JOC3144). By heating the iodide 
of cation 255 (R = Et) in acetonitrile, the 4-ethylthio group is converted 
into a methylthio group. This unusual exchange reaction, which does not 
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S 



(257) 


occur with BF 4 “ as counter-ion has not been well understood (67JOC3144). 
2,6-Dimethyl-4-methylthiothiopyrylium (161) is demethylated by NaHS 
in water to give the corresponding thiopyran-4-thione [56AC(R)821], It is 
probable, however, that in this case the nucleophilic attack occurs at the 
C-4 ring atom and not at the methyl group (Section IV,C,4). 

4-Ethoxy-2,6-diphenyltelluropyrylium underwent dealkylation, instead 
of the expected substitution of the alkoxy group, by reaction with diethyl- 
amine in ethanol to yield the corresponding telluropyran-4-one [140, Z = 
Te, R = Ph] (82JOC5235). 

3- Acetoxythiopyrylium salts 195 and 196 have been deacetylated by 
treatment with trifluoroacetic acid to yield cations 194 and 107, respec¬ 
tively [75JCS(PI)2099]. 

4- Amino-2,6-diphenylthiopyrylium salt (157) reacts with 4-methoxy-2,6- 
dipheylpyrylium or thiopyrylium (143) in acetonitrile in the presence of a 
nonnucleophilic amine (EtNPr 1 ,) to yield the azacyanine dyes 258 or 259 
(77JHC539). 



(258) z=0 

(259) Z = S 


2-Acylmethylthiothiopyrylium salts (163), in polar solvents such as etha¬ 
nol, dimethylformamide, pyridine, acetic acid, undergo transformations 
that lead to one or several of the compounds 260-264. From salts of the 



136 


GIANCARLO DODDI AND GIANFRANCO ERCOLANI [Sec. IV.B 



(260) (261) 



(262) 


(263) 


(264) 


type 163 with alkyl groups in the /3 positions, under all conditions except 
in boiling acetic acid, the thiopyranylidene ketone 261 is the main product. 
It is always accompanied by the corresponding thiopyran-2-thione 260. 
With salts of the type 163 with R = Me, and aryl groups in the 4,6 posi¬ 
tions, at room temperature, the disulfide 262 is generally obtained. In 
boiling ethanol or acetic acid, compound 264 is formed, but in boiling 
dimethylformamide the reaction gives the thiopyranylidene ketone 261. 
Boiling in dimethylformamide is, in fact, a convenient method to reduce 
the disulfide 262 to the corresponding thiopyranylidene ketone 261. With 
salts of the type 163 with R = Ph, and aryl groups in the 4,6 positions, 
the thiopyranylidene ketone is always obtained together with various 
quantities of 260,262, and 263, the best results being observed with boiling 
pyridine or dimethylformamide. In boiling acetic acid all the studied salts 
give the monomethine dye 264 [80BSF(2)427]. The proposed mechanism 
for the formation of thiopyranylidene ketone 261 is reported in Scheme 
16. The key intermediate is a thiirane derivative that splits off a sulfur 
atom to yield the product. A mechanism for the formation of the mono¬ 
methine dye 264 has been also proposed; the key step would be the 
reaction of a molecule of thiopyranylidene ketone 261, formed in the 
reaction medium, with a molecule of substrate [80BSF(2)434], 



Scheme 16 
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The thermal decomposition of 2-acylmethylthiothiopyrylium salts to 
yield thiopyranylidene ketones has been exploited by other authors as 
well (74BSF1356; 84AP938; 86MI3; 87FES465). 

Cations of the type 265, possessing both a thiopyrylium and a dithiole 
ring, when treated with triethylamine lead to unstable neutral compounds. 
However, if the reaction is followed by the addition of benzohydroxymoyl 
chloride [PhC(=NOH)Cl], which in situ generates benzonitrile jV-oxide, 
compounds of the type 266 are obtained. A mechanism has been suggested 
for such transformation [80BSF(2)577], 

R 1 

1) NEt 3 

2) PhCNO 


R 2 




(265) (266) 

The colored thiopyrylium cation 267 is deprotonated to yield the color¬ 
less spiro-4//-thiopyran 268 (83HCA2165). Investigation of the halo- 
chromic properties of 267 has been carried out in MeOH/H 2 0 solutions. 



(267) (268) 

C. Reactions Involving Ring Atoms 
1. Reductions 

Reductions of chalcogenopyrylium ions that are not the result of a 
nucleophilic attack, such as one-electron reductions and hydrogenation 
reactions, are discussed in this section. 

Chalcogenopyrylium ions can undergo one-electron reduction when 
treated with zinc powder in a degassed aprotic solvent. The product is a 
neutral chalcogenopyranyl radical, which in some cases is stable enough 
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to be studied by spectroscopic techniques, such as UV and ESR (67MI3; 
70MP613; 72CC60; 86NJC345; 90KGS1480) (Section II,C,3). The factors 
affecting the stability of chalcogenopyranyl radicals, with particular regard 
to their tendency to dimerize, have been discussed in Section II,D. 

Zinc reduction of chalcogenopyrylium ions has found application in 
synthesis. In order to prepare 4,4'-bithiopyrylium dication [13 (Z = S, 
R = H)], thiopyrylium (2) is first reacted with excess zinc in acetonitrile 
at 0°C under a nitrogen atmosphere, and then with triphenylmethyl fluoro- 
borate, iodide, or perchlorate to give the corresponding bithiopyrylium 
salt (71TL3999). According to the authors the reaction occurs as shown 
in Scheme 17. 

Other authors showed that when the zinc reduction is carried out with 
2,6-diarylthiopyrylium or selenopyrylium salts the product is the corre¬ 
sponding 7,y'-bithio- or biseleno-pyranylidene 14 (Z = S, Se, R = Ar) 
[81TL2771; 84BSF(2)241; 85M14], According to Fabre et al„ the y,y'- 
bipyranyl intermediate, as soon as it forms, undergoes hydride abstraction 
by the unreacted starting cation and then deprotonation to yield the corre¬ 
sponding bipyranylidene [76CR(C)175], 

Besides zinc, a number of other species can behave as monoelectronic 
reducing agents of thiopyrylium ions. Thus the unsubstituted thiopyrylium 
(2) and 2,4,6-triphenylthiopyrylium (9) have been reduced by alkali metals, 
the reactivity order (K > Na > Li) being the reverse of that of the ioniza¬ 
tion energies (80MI6). Bis-(2,6-diphenylthiopyrylium-4-yl)-ethyne dica¬ 
tion (130) has been reduced by a large excess of triethylamine to give the 
cumulene 73; interestingly zinc reduction of 130 afforded only a minute 
amount of 73 (81CC1143). Triethylamine also converted 2,6-di-rm-butyl- 
thiopyrylium cation (26) to the corresponding bithiopyranylidene 14 (Z = 
S, R = Bu') (85T811). 2,4,6-Triphenylthiopyrylium cation (9) undergoes 
an electron-transfer reaction with isopropoxide or terr-butoxide anion but 
not with methoxide or ethoxide anion, the latter anions giving addition 
products (86ZC400). Thiopyranyl radicals have been also produced by 
photoirradiation of thiopyrylium salts in tetrahydrofuran and/or 1,2- 
dimethoxyethane with or without added reducing agents (85BCJ2600; 
89BCJ2279). In fact, whereas 2,4,6-triphenylthiopyranyl radical (51) is 
formed by electron transfer from the solvent with relatively high quantum 
yields (85BCJ2600), pentaphenylthiopyranyl radical (54) is formed by pho- 


■Q-o$o 


Scheme 17 
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toirradiation only when a reductant, such as triphenylphosphine or hexa- 
methylbenzene, is added to the solution (89BCJ2279). 

Thiopyrylium and selenopyrylium cations possessing a leaving group 
can undergo a reductive dimerization with a number of reagents. Thus 
4-chloro-2,6-dimethylthiothiopyrylium (148) by treatment with MnSe 2 
gives bithiopyranylidene 14 (Z = S, R = MeS) [84BSF(2)241], Similarly 
4-chloro-2,6-diphenylselenopyrylium (150) reacts with zinc or TiCl 3 to 
yield the corresponding biselenopyranylidene 14 (Z = Se, R = Ph) 
[84BSF(2)241], 

Thiopyrylium salts can be reduced to the corresponding thiacyclohex- 
anes by catalytic hydrogenation. Thus the hydrogenation of cations 9,18, 
77 (R 1 = Ph, R 2 = H, Ph, n = 2), 79 (R = H, Me, n = 2), and 204 has 
been studied with various catalysts (Pd/C, Rh/C, PdS/C, PdS/Al 2 0 3 , Pt0 2 ) 
under a variety of conditions. The catalyst formed by 10% Pd/C appears 
to be the most convenient; best reaction conditions are 80-100°C and 
80-100 atm (82MI7, 82ZOR2435). The hydrogenation of type 77 cations 
(R 1 , R 2 = H, Ar) over Pd/C at 50 or 100 atm gave c/s-l-thiadecalins with 
R' and R 2 in the equatorial orientation (87KGS614). The hydrogenation 
of octahydrothioxanthylium ions [79 (R = H, Me, Ph, n = 2)] over Pd/ 
C is stereoselective and gives 65-86% of the corresponding cis,syn,cis- 
perhydrothioxanthenes (87KGS1187). 

Thiopyrylium salts can be also reduced by zinc in hydrochloric acid. 
Thus cation 77 (R 1 = R 2 = Ph, n = 2) by treatment with Zn/HCl gave 
a mixture of 6//-thiopyran 269, 4//-thiopyran 270, and the corresponding 
thiadecaline [71KGS(S)85], 


Ph Ph 



(269) (270) 


2. Oxidations 

Only a few oxidation reactions have been reported for chalcogenopyry- 
lium salts. Manganese dioxide oxidizes thiopyrylium (2) in chloroform to 
2-thiophenecarboxaldehyde in 71% yield (67G397). In contrast 5-acetyl- 
2-(p-methoxyphenyl)thiopyrylium ion (57) is oxidized by Mn0 2 in CHC1 3 
to produce the corresponding thiopyran-2-one in only 5% yield 
[73AC(R)563; 75T3059], The same substrate is also oxidized by sulfur in 
pyridine to give the corresponding thiopyran-2-thione, but always in very 
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low yield [73AC(R)563; 75T3059]. Manganese dioxide in acetonitrile has 
been used to oxidize 2,6-diphenylselenopyrylium cation ( 19 ) to the corre¬ 
sponding selenopyran-4-one [140 (Z = Se, R = Ph)] (74KGS274). 

Thiopyrylocyanine 11 (Z = Y = S, n = 0) undergoes one-electron 
oxidation with lead dioxide; the resulting dication radical, by loss of the 
central methinic proton, is converted into a cation radical, which has been 
studied by ESR (90KGS1480). 

2,4,6-Triphenylthiopyrylium cation ( 9 ), when irradiated with UV light 
in methanol under an oxygen atmosphere, yields benzaldehyde, methyl 
benzoate, benzoic acid, and trace amounts of thiophenol (71TL4259). The 
reaction occurs between 9 in the excited triplet state and oxygen in the 
ground state. The peroxide 271 has been proposed as reaction interme¬ 
diate. 



(271) 


2,6-Disubstituted telluropyrylium cations 20 and 28 in pyridine with 
triphenylphosphine under aerobic conditions gave an oxidative dimeriza¬ 
tion to produce l,l-dioxo(telluropyranylidene)telluropyrans 272 and 273 , 
respectively (87JOC2123). The reaction is also successful with the exclu¬ 
sion of oxygen if triphenylphosphine oxide is substituted for triphenylphos¬ 
phine. The oxidative dimerization could not be extended to thiopyrylium 
cation 26 and selenopyrylium cation 27 , which gave the corresponding 
bipyranylidenes 14 (Z = S, Se, R = Bu'). 

Telluropyrylium salts undergo oxidative addition of a halogen molecule 
across the tellurium atom (86MI2). Thus addition of bromine to cations 
68 and 70 yields cations 274 and 275 , respectively. Cations 276 , 277 , 11 
(Z = Te, Y = TeCl 2 , TeBr 2 , Tel 2 , n = 0) and, 278 (Z = Te, Se, X = 
Br) have been similarly prepared. The oxidative addition of halogens 
removes the Te orbitals capable of 7r-bonding to the carbon 7r-framework. 
Ultraviolet spectra of the dihalide complexes suggest that the strength of 
the Te—X bonds follows the order Cl > Br >> I. In solution, the diiodides 
apparently are not stable, since the observed absorption spectra of the 
diiodides appear to be those of the parent telluropyrylium dyes. The 
dihalide complexes are easily reduced, regenerating the starting telluropyr¬ 
ylium dyes and two equiv. of halide, as shown by cyclic voltammetry. 
Chemical reduction of cations 278 (Z = O, S, Se, X = Br) has been 
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carried out with sodium bisulfite (90JMC1108, 90USP4963669). Interest¬ 
ingly, cation 278 (Z = Te, X = Br) was observed to have fluxional 'H NMR 
behavior. The two Te atoms become equivalent by some temperature- 
dependent exchange process of bromide ligands. The exchange was first- 
order with respect to the dye in CD 3 CN and second-order in CDC1 2 CDC1 2 . 
In CDClj the exchange was a mixture of first- and second-order processes. 

Singlet oxygen is efficiently produced on irradiation of air-saturated 
methanolic solutions of telluropyrylo trimethine dyes 229-232 (88JA5920; 
90JA3845). It rapidly reacts with telluropyrylium dyes in the presence of 
water to yield products derived from formal oxidative addition of hydrogen 
peroxide across tellurium, i.e., 278 (Z = O, S, Se, Te, X = OH). Com¬ 
pounds of the type 278 with X = OH are found to be dibasic acids, to 
exchange hydroxyl ligands with tellurium(II) centers, to undergo thermal 
reductive loss of hydrogen peroxide, and to transfer intramolecularly oxy¬ 
gen from tellurium(IV) to an adjacent carbon center (91MI3). Addition of 
hydrogen peroxide to telluropyrylium dyes 229-232 leads to the same 
addition products 278 but is ca. 8 order of magnitude slower, whereas the 
reaction with superoxide radical anion leads to products other than 278. 
Thus the mechanism reported in Scheme 18 has been proposed for the 
oxidation of telluropyrylium dyes 229-232. The initial step is thought to 
be the formation of either a pertelluroxide (279) or a telluradioxirane (280) 
intermediate. The behavior of chalcogenopyrylium dyes 223-228 has been 
also investigated with respect to their abilities to generate singlet oxygen 
and to react with singlet oxygen. The production of singlet oxygen is due 
to the reaction of the triplet state of the dye with ground-state oxygen via 
a spin-allowed process. As the heteroatoms become heavier, spin-orbit 
coupling increases, producing higher triplet yields. Triplet yields increase 
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Scheme 18 


from 0.0004 for 223 to 0.18 for 232, whereas quantum yields for singlet 
oxygen production increase from 0.0004 for 223 to 0.12 for 232. All the 
chalcogenopyrylium dyes 223-232 react with singlet oxygen; however, 
the oxidation products have been characterized only for the tellurium- 
containing dyes. Whereas pyrylium dyes should be attacked only at the 
hydrocarbon framework, sulfur- and selenium-containing dyes could be 
attacked both at the heteroatom and at the carbon framework. The higher 
reactivity of the tellurium-containing dyes appears to reflect reaction at 
the tellurium atom. Evidences have been put forward indicating that 
quenching of singlet oxygen by chalcogenopyrylium dyes 223-232 follows 
the Corey-Kahn mechanism (92MI4). This mechanism assumes that the 
heavy atoms are good nucleophiles for electrophilic singlet oxygen, per¬ 
haps leading to unstable oxidative addition products, and that the magni¬ 
tude of spin-orbit coupling is directly related to the heavy-atom effect on 
quenching constants (87SCI68; 90TL1389). Interestingly there is a linear 
free-energy relationship between the reactivity of chalcogenopyrylium 
dyes 223-232 with singlet oxygen and with hydrogen peroxide, the latter 
reagent being less reactive and more selective than the former (92MI4). 

Two catalytic reactions of cation 232 have been described in which the 
dihydroxytellurium species 278 (Z = Te, X = OH) is produced as an 
intermediate (90JA4086; 92MI1, 92MI5). In one reaction, the telluropyry- 
lium dye 232 is oxidized to 278 via irradiation of air-saturated aqueous 
solutions. Thermal reductive elimination of hydrogen peroxide regenerates 
the starting telluropyrylium dye, allowing the net photochemical conver¬ 
sion of oxygen and water to hydrogen peroxide. In a second reaction, the 
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formation of 278, via reaction of a catalytic amount of telluropyrylium 
dye 232 with either singlet oxygen and water or with hydrogen peroxide, 
leads to the oxidation of certain leucodyes and thiophenol, showing that 
278 is an efficient two-electron oxidizing agent that can be used as catalyst 
to accelerate reactions using hydrogen peroxide as two-electron oxidizing 
agent. In both of these systems, a Te(II)-Te(IV)-Te(II) cycle avoids the 
use of a sacrificial electron donor. Neither seleno- nor thio-pyrylium dyes 
227 and 228 show analogous catalytic efficiencies. 

Seleno- and telluro-containing chalcogenopyrylium dyes can be promis¬ 
ing, as singlet-oxygen-producing photosensitizers, in photodynamic ther¬ 
apy (Section V). 

3. Reactions with Oxygen Nucleophiles 

The hydrolysis of the unsubstituted thiopyrylium cation (2) has been 
studied in water at various pH values (65MI3; 67G397). Cation 2 is stable 
in aqueous solutions up to pH 6. In the range 6 < pH < 11 the cation 
coexists with thioglutaconic aldehyde (282) and its conjugated base 283. 
Although the presence of the pseudobase 281 could not be evidenced by 
UV spectra because of superimposition of absorption bands, it cannot be 
excluded. At pH & 11, 283 is the only species present in solution as 
confirmed by UV and 'H NMR. The reaction is fully reversible in that 
treatment with acids regenerates cation 2. The presence of species 282 
and 283 at equilibrium casts some doubts (65MI4; 67G397) on the signifi¬ 
cance of the pK R + value of cation 2 (8.7) determined by potentiometric 
methods (64JA5630). 


0 * 0-0 



(283) 


Interestingly, species of the type 283, which can be also obtained by 
reaction of pyrylium salts with sulfide anion (Section III,B,1), are easily 
oxidized to yield 2-acylthiophenes. Thus 2-benzoyl-3,5-diphenylthiophene 
(284) can be obtained either by boiling 2,4,6-triphenylthiopyrylium ion 
(9) in wet pyridine saturated with sulfur [77JCS(P 1)1511 ] or by reac¬ 
tion of 2,4,6-triphenylpyrylium (8) with sodium sulfide in acetone fol¬ 
lowed by oxidation with air or iodine [75ACS(B)791]. Analogously, 
2-formyl-3,5-diphenylthiophene (285) has been obtained on treatment 
of 2,4-diphenylthiopyrylium (154) with iodine and aqueous sodium car¬ 
bonate in acetonitrile (84JOC2676). The 2,5-linkage by sulfur has a par- 
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Ph 



(284) R = Ph 

(285) R = H 

allel reaction in the oxidation of thiopyrylium (2) by manganese dioxide 
to 2-thiophenecarboxaldehyde (Section IV,C,2). 

Reaction of 2,4,6-triphenylthiopyrylium ion (9) in wet pyridine at room 
temperature [75ACS(B)791] or with triethylamine in CHC1 3 followed by 
water addition (85T81 1) affords the 1,5-enedione 286, which is the product 
of hydrolysis of the keto-thioenol formed on ring-opening of the pseu¬ 
dobase of 9. 


Ph 



(286) 

If a leaving group is present in the a or y position of a thiopyrylium 
salt, the reaction with water leads to a thiopyranone, via a nucleo¬ 
philic substitution of the SNAr type. Thus a number of thiopyran-2- 
and 4-ones have been prepared by boiling the corresponding alkylthio- 
thiopyrylium salts in water-organic solvents mixtures (Scheme 19) 
[65LA188; 73AC(R)563; 74BSF1356; 76BSF1195; 81JAP81-14560, 
81JAP81-14561, 81JAP81-29586, 81JAP81-30465]. An attempt to prepare 
2,6-dimethylthiopyran-4-one by treatment of 2,6-dimethyl-4-methylthio- 
thiopyrylium ion (161) with potassium hydroxide in methanol led to un- 
purifiable resinous products (60BCJ1467). 

With chlorine or bromine as leaving group, the reaction with water 
is not clean, giving thiopyranones, thiopyranthiones, and ring-opening 
products (69JPR61). Halogenothiopyrylium salts can be conveniently con- 
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verted into thiopyranones by refluxing them in acetic acid and butylamine 
or benzylamine, to yield an acetoxythiopyrylium salt, which is then hy¬ 
drolyzed in water [69JPR61; 79JCS(P1)1957], 

The reaction of halogenothiopyrylium salts with oxygen nucleophiles 
other than water occurs according to the SNAr mechanism yielding 
the corresponding O-substituted thiopyrylium salts. Thus 4-chloro-2,6- 
diphenylthiopyrylium ion (149) reacts with the conjugate base of alcohols, 
phenols, and organic acids to yield the corresponding substitution products 
(71 Mil). Analogously, 4-chlorothiopyrylium perchlorate reacts with so¬ 
dium phenoxide and sodium methoxide to yield 4-phenoxy- and 4-me- 
thoxy-thiopyrylium salts, respectively (75T2669). 

The reaction of alkoxyde anions with thiopyrylium salts devoid of a 
leaving group leads to the formation of stable 2 H and/or 4 H adducts. Thus 
thiopyrylium (2) iodide reacts with a methanol solution made alkaline 
by sodium hydrogen carbonate to yield 2-methoxy-2//-thiopvran (287) 
(65MI3; 67G397). Treatment with acids regenerates the starting cation, 
showing that the reaction is reversible. Analogously, 2,4,6-triarylthiopyry- 
lium salts react with sodium methoxide in methanol to yield the corre¬ 
sponding 2 H adducts (80JOC5160; 83ZC333; 86JPR373), whereas, in ace¬ 
tonitrile, the reaction of 2,4,6-triphenylthiopyrylium cation (9) with 
methoxide ion leads to the competitive formation of both the 2 H and the 
4 H adducts (80JOC5160). This seemingly different behavior depends only 
on the fact that the equilibration between the adducts is very slow in 
acetonitrile; i.e., the reaction is under kinetic control in acetonitrile and 
under thermodynamic control in methanol. In fact, a kinetic study of the 
reaction in methanol by stopped-flow technique has evidenced the fast 
formation of both adducts followed by the conversion of the 4 H adduct 
into the more stable 2 H isomer (82JOC960). 



(287) 


The behavior of 2-methoxy-2//-thiopyrans, formed on addition of meth¬ 
oxide anion to 2,4,6-triarylthiopyrylium cations, toward some nucleophiles 
and electrophiles was investigated (83ZC333; 86JPR373). The results are 
easily accounted for by considering the methoxy-adducts in equilibrium 
with the parent ions. 

5-Acetyl-2-( p-methoxyphenyl)thiopyrylium cation (58) when refluxed in 
a mixture of ethanol and benzene 1:5 yields the 2 H adduct 288 (75T3059). 
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R = p-MeOC 6 H 5 

(288) X= O 

(289) X = S 


Whereas 2,4,6-triphenylthiopyrylium cation (9) reacts with methoxide 
or ethoxide anion to give the corresponding 2 H adduct, it undergoes an 
electron transfer with isopropoxide or rm-butoxide anion to yield the 
neutral radical 51 (86ZC400). 

Rates and equilibria for the reaction of a number of pyrylium and thio- 
pyrylium cations symmetrically substituted in the 2,6-positions with meth¬ 
oxide ion in methanol have been studied in great detail by Doddi and 
Ercolani. Besides providing quantitative data about the effects of the ring- 
heteroatom and of substituents in pyrylium and thiopyrylium ions, these 
studies were aimed at gaining a deeper understanding of cation-anion 
combination reactions. A first study, regarding the reaction of pyrylium 
and thiopyrylium salts with various a-substituents (Ph or Bu') and 
■y-substituents (H, Me, Bu', Et 3 C, or MeO), was carried out by 'H NMR at 
-40 and 25°C [86JCS(P2)271]. The reaction consists in two reversible and 
competitive processes relative to the formation of 2 H and 4 H adducts, 
respectively (Scheme 20). At -40°C the reaction is under kinetic control; 
therefore the ratio of the concentration of the adducts coincides with the 
ratio of the corresponding kinetic constants ([291]/[290] = k 4 lk 2 ). At 
25°C, since the reaction is under thermodynamic control, the ratio of the 
concentration of the adducts coincides with the ratio of the corresponding 
equilibrium constants ([291)/[290] = K 4 /K 2 ). From the obtained data the 
following conclusion have been drawn: (a) both the kinetic regioselectiv- 
ity, measured by the ratio k 4 /k 2 , and the thermodynamic regioselectivity, 
measured by the ratio K 4 /K 2 , are always higher for thiopyrylium ions than 
for the corresponding pyrylium ions; ( b ) in most of the cases the 4 H adduct 
is the principal product of kinetic control (k 4 /k 2 > 1), whereas the 2 H 
adduct is the principal product of thermodynamic control ( K 4 /K 2 < 1); 
(c) the nucleophilic attack shows a certain sensitivity to steric effects. A 
detailed kinetic and thermodynamic study of the methoxide addition to 
the 2,6-di-rm-butyl-4-aryl-thiopyrylium cations 43-49 and to the corre¬ 
sponding pyrylium cations 36-42 has been successively carried out 
(86JA3409, 86JOC4385). The observed kinetic patterns have confirmed 
that the rate-determining step is the combination of the nucleophile with 
the cations to give the adducts according to Scheme 20 and have disproved 
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the views indicating the ion pair formation as the rate-determining step 
in anion-cation combination reactions. Moreover, these studies have al¬ 
lowed the evaluation of the individual values of the kinetic and equilibrium 
constants. From these values it has been concluded that ( a ) pyrylium ions 
are more reactive than the corresponding thiopyrylium ions from both a 
kinetic and a thermodynamic point of view and ( b ) pyrylium ions show a 
greater sensitivity toward the electronic effects of substituents regarding 
both the kinetic and the equilibrium constants. Both these observations 
find justification in the higher carbocationic character of the pyrylium 
ring, which in turn is due to the higher electronegativity of oxygen. The 
fact that the kinetically favored product is not that thermodynamically 
more stable indicates that the transition states are significantly different 
from the final products. The variation of the kinetic regioselectivity in 
going from pyrylium to thiopyrylium is consistent with the charge distribu¬ 
tion in the two cations reported in Section II,A, Fig. 1, indicating that 
the rates of nucleophilic attack are dominated by coulombic interactions. 
Since l3 C chemical shift is one of the best physical parameters to probe 
charge density, a correlation of the a and y carbon shifts of the series 
36-42 and 43-49 with the kinetic constants k 2 and k t , respectively, was 
attempted (88G291). However, the success was only partial. In both series 
there is a good correlation between the chemical shifts of a carbons and 
the corresponding log k 2 values. In contrast, since the y carbon shifts 
appear to be dominated by 7r-polarization effects (electron-withdrawing 
substituents have a shielding effect), they do not follow the trend of k 4 
constants. The thermodynamic regioselectivity depends on the relative 
stability of the adducts; it has been evidenced by MNDO and AMI cal¬ 
culations that 2-methoxy-2//-pyrans are much more stable than the 
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corresponding 4 H isomers because of the anomeric effect between the 
geminal oxygen atoms (92JOC4431). This effect is less important in 
2-methoxy-2//-thiopyrans and would explain the variation of the 
thermodynamic regioselectivity in going from pyrylium to thiopyrylium 
cations. 

A kinetic study of the methoxide addition to a series of thiopyrylium 
ions and to the corresponding series of pyrylium ions has shown an inter¬ 
esting effect regarding how the a-substituents affect the kinetic constant 
k 4 [89JCS(P2) 1393]. It has been observed that the effect of phenyl and 
/er/-butyl groups as a-substituents follows a different order in the two 
series; i.e., the /er/-butyl group is more activating than the phenyl group 
in the pyrylium series, but less activating in the thiopyrylium series. This 
effect has been tentatively explained by considering the superimposition 
of two factors, i.e., the different electronic effect of the two groups as 
measured by a p + and the steric inhibition of solvation of the ring hetero¬ 
atom by the adjacent /er/-butyl groups, the latter effect being more im¬ 
portant in the pyrylium series. In the same paper it was also shown that 
steric effects on nucleophilic attack are analogous in the two series. The 
sensitivity to steric effects, which has been evaluated in the pyrylium 
series, is rather low (8 ~ 0.5) (88JOC1729). The equilibrium constants are 
not affected by the steric hindrance of substituents unless these are very 
encumbering as the Et 3 C group. 

The equilibrium constants for the reaction of thiopyrylium ions with 
methoxide ion have also been utilized to evaluate /pso-substituent effects. 
In particular our estimate of the gem-dimethoxy effect (12 kJ mor 1 ), 
i.e., the stabilizing interaction that occurs between two geminal methoxy 
groups, was in good accordance with a previous estimate based on data 
referring to the formation of negatively charged Meisenheimer adducts 
(82CRV77). 

4. Reactions with Sulfur and Selenium Nucleophiles 

The reactions of thiopyrylium ions with sulfur nucleophiles are analo¬ 
gous to those with oxygen nucleophiles. In the presence of a sufficiently 
good leaving group in the a or y position, the reaction with hydrogen sulfide 
or with hydrosulfide anion leads to the formation of thiopyranthiones. Thus 
the 2-halogeno-substituted thiopyrylium cations 146 and 147 react with 
H 2 S in benzene to yield the corresponding thiopyran-2-thione (69JPR61). 
The same transformation has been carried out with sulfur dissolved in 
pyridine (69JPR61). 

2,6-Dimethyl-4-methoxy- and 2,6-dimethyl-4-methylthio-thiopyrylium 
(161) ions react with NaHS in water to give the corresponding thiopyran- 
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4-thiones [56AC(R)821; 58CB1224], Analogously, cation 161 reacts with 
NaHSe to yield 2,6-dimethyl-4//-thiopyran-4-selone (292) (77CC177). 



(292) 

Thiols react with halogenothiopyrylium salts to give the product 
of substitution. Thus 4-chlorothiopyrylium reacts with thiophenol to 
give the 4-thiophenoxythiopyrylium ion (75T2669). The reactivity of 
4-chlorothiopyrylium and N-methyl-4-chloropyridinium toward thio¬ 
phenol has been compared by a competitive experiment. The thiopyrylium 
ion was demonstrated to be ca. 4 times more reactive than the pyridin- 
ium ion. 

In the absence of a sufficiently good leaving group, stable adducts 
are formed. Thus 5-acetyl-2-(p-methoxyphenyl)thiopyrylium cation (58) 
reacts with ethanethiol in benzene to yield the 2 H adduct 289 (75T3059). 
2-Methylthio-4,6-diphenylthiopyrylium (159) ion reacts with sodium thio- 
phenoxide to give the 2 H adduct 293 (86S916). Heating of the adduct 293 
yields the Z-2,2'-bithiopyranylidene 294 with a minor amount of the E 
isomer. Compound 294 can also be directly obtained by reaction of cation 
159 with thiophenol and triethylamine. 



(293) (294) 


Some intramolecular additions to thiopyrylium ions involving sulfur as 
nucleophilic center have been reported in Sections IV,B,1 and 2. 

5. Reactions with Nitrogen Nucleophiles 


The reaction of thiopyrylium salts with amines can afford different 
products, depending on the substitution pattern of the heteroaromatic 
cation, the nature of the amine, and reaction conditions. In most cases 
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the primary interaction involves nucleophilic addition to the a and/or y 
position of the thiopyrylium ring yielding thiopyran adducts, which in 
some cases can be isolated and/or characterized by spectroscopic meth¬ 
ods. Thus 2,4,6-triphenylthiopyrylium ion (9) reacts with 2 equiv. of a 
primary or secondary amine in either Me 2 SO or CH 3 CN to yield the 
corresponding 2 H adduct 295. Aniline yields the corresponding 2 H adduct 
only after the addition of 1 equiv. of triethylamine (82JOC3496). With 
primary amines the final products are 1-substituted pyridinium ions, which 
are formed from the corresponding 2 H adducts after several days at 
room temperature. Also, 2,4-diphenylthiopyrylium ion (154) reacts with 
butylamine or diethylamine in acetonitrile to yield the corresponding 2 H 
adduct 296. The conversion of the butylamine adduct 296 into the corre¬ 
sponding A/-butyl pyridinium ion is faster than that of the corresponding 
adduct 295. 


Ph 



(295) R 1 = Ph 

(296) R 1 = H 


A number of 2,4,6-triarylthiopyrylium salts reacts with dialkylamines 
in diethyl ether to give stable crystalline 2-dialkylamino-2//-thiopyrans 
(83ZC144; 84EGP212964; 86JPR567). Reactions of these with a number 
of nucleophiles and electrophiles can be easily accounted for by consider¬ 
ing them in equilibrium with the parent thiopyrylium ion and amine 
(86JPR567). 

An example of intramolecular addition to a thiopyrylium ion involving 
nitrogen as nucleophilic center, i.e., the conversion of 267 to 268, has 
been reported in Section IV,B,2. 

A detailed kinetic and thermodynamic study of the reaction of 2,4,6- 
triphenylthiopyrylium cation (9) with butylamine, cyclohexylamine, piper¬ 
idine, and morpholine has been carried out in dimethyl sulfoxide at 25°C 
(84JA7082, 84JOC1806). The reaction occurs according to Scheme 21. In 
all of the cases two kinetic processes have been observed, the first one 
involving the competitive formation of both the 2 H- and the 4//-thopyrans 
through the steady-state intermediacy of their corresponding charged ad¬ 
ducts and the second one converting the 4//-thiopyran into the thermody¬ 
namically more stable 2//-thiopyran. The k p and k_ p terms that appear in 
Scheme 21 refer to the proton transfer steps, involving the solvent and 
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R 2 R 2 



Scheme 21 


the amine in the forward reaction and their conjugate acids in the reverse 
reaction. The most interesting feature is that with primary amines the 
rate-controlling step is the nucleophilic attack, whereas with secondary 
ones the rate-controlling step is the deprotonation of the charged adducts. 
This behavior has been ascribed to the increasing steric hindrance in going 
from primary to secondary amines causing a decrease of the k 2p , k 4f> 
constants and an increase of the &_ 2 , &_ 4 ones. The reaction of 2,6-di-tert- 
butyl-4-phenyl- (46) and 2,6-diphenyl-4-/er/-butylthiopyrylium (111) ions 
with butylamine has also been investigated (89G205). The results indicate 
that, despite the increased hindrance on the reactions centers, obtained 
by replacing the phenyl group with the /er/-butyl one, the rate-controlling 
step is always the nucleophilic attack to yield the charged thiopyrans, 
irrespective of the position (a or y) that has undergone the Ph —> Bu' 
substitution. The results also indicate a low sensitivity to steric effects at 
the electrophilic center, as observed in the reaction with methoxide anion 
(Section IV,C,3). 

Thiopyrylium ions possessing a sufficiently good leaving group in a or 
y position can undergo the nucleophilic substitution when treated with 
primary or secondary amines. Whereas secondary amines give aminothio- 
pyrylium salts, primary amines yield products that can be formulated as 
either thiopyranimines or aminothiopyrylium salts, depending on the pH 
of the reaction medium. A number of substitution reactions on thiopyry¬ 
lium salts have been reported in which a halogeno, an alkoxy, or an 
alkylthio group is replaced by an alkyl or aryl amine [69JPR61; 71KGS279; 
72MI1; 73JPR679, 73URP382617; 75T2669; 76BSF1195; 77JCS(P1)1436, 
77JCS(P1)1511] (see also the preparation of compounds 258 and 259 in 
Section IV,B,2). Phenylhydrazine and hydroxylamine behave as simple 
amines (65LA188; 69JPR61). Hydrazine, depending on the reaction condi- 
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tions, can react with one or both nitrogen atoms (69JPR61; 74LA1415). 
The second case is exemplified by the reaction of 4-methylthio-2,6- 
diphenylthiopyrylium ion (162) with hydrazine in dimethylformamide to 
yield the azine 297 (74LA1415). 

The spiro[benzothiazoline-2,2'-(2//)-thiopyran] 298 has been prepared 
by reaction of 2-methylthio-4,6-diphenylthiopyrylium ion (159) and 2- 
methylaminobenzenethiol in ethanol [77JCS(P1)1511]. This product, 
which is probably formed via a nucleophilic substitution promoted by the 
nitrogen atom followed by nucleophilic attack of the sulfur atom, shows 
interesting behavior; it is a pale yellow solid at room temperature but 
becomes blue on being heated, gives a blue solution in ethanol, and forms 
a blue zone on chromatographic alumina. These color changes, which are 
similar to those occurring in spirobenzopyrans, may be attributed to the 
formation of the colored merocyanine tautomer 299. 

In some cases, despite the presence of a leaving group, other reactions 
take place. Thus 4-chlorothiopyrylium ion (145) reacts with dimethylamine 
to give the ring-opening product 300 (R 1 = R 2 = Me, R 3 = Cl). This is 
probably formed by initial nucleophilic attack at the a position followed 
by ring-opening, attack of a second molecule of dimethylamine, and elimi¬ 
nation of hydrogen sulfide. Interestingly, 145 gives the normal substitution 
product with aniline or /V-methylaniline (75T2669). A further example is 
offered by the reaction of 4-methoxythiopyrylium ion (142) with aqueous 
ammonia that gives 4-methoxypyridine instead of the substitution product 
(63ZOB1864). 



The unsubstituted thiopyrylium ion (2) reacts with various primary and 
secondary amines under mild conditions to yield a symmetrical 5-amino- 
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2,4-pentadienyliminium cation 300 (R 1 = H, R 2 = Ph, substituted-Ph, 
Me; R 1 = Me, R 2 = Ph, Me; R 1 , R 2 = morpholino; R 3 = H) in all trans 
configuration (73JOC3990). The proposed mechanism is the same as that 
for the formation of 300 (R 1 = R 2 = Me, R 3 = Cl). 

Thiopyrylium ions, by reaction with ammonia or primary amines, can be 
converted into pyridine or pyridinium ions, respectively. The mechanism, 
which is believed to be analogous to that commonly accepted for the 
conversion of pyrylium salts into pyridines or pyridinium ions 
[82AHC(S) 106-27], is shown in Scheme 22. The initially formed 2-amino- 
2//-thiopyran 301 would undergo a thermally allowed ring-opening to yield 
a divinylogous thioamide 302, which then isomerizes to an imino-thioenol 
303. Recyclization of the latter, followed by loss of hydrogen sulfide, 
would afford the final pyridine or pyridinium ion. Despite the similarities, 
the conversion of thiopyrylium ions into pyridine derivatives is not as 
broad in scope as that of pyrylium ions. This is well illustrated by the 
reaction of the monomethine cyanine dye 11 (Z = O, Y = S, n = 0) with 
ammonia in pyridine or with alcoholic methylamine; in both cases the 
oxygen atom is selectively replaced yielding the corresponding pyridine 
derivative 11 (Z = N, NMe, Y = S, n = 0) (76JHC577). Some examples 
of S-» N exchange have been already cited. 2,4,6-Triarylthiopyrylium ions 
react with methylamine affording the corresponding ALmethylpyridinium 
ions (56HCA207; 73JOC3990; 82JOC3496), but, in contrast with the corre¬ 
sponding oxygen analogs, do not react with aniline (56HCA207; 



rnh 2 




(302) 




R 

(303) 


Scheme 22 
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73JOC3990), unless 1 equiv. of a tertiary amine, such as triethylamine, is 
added (82JOC3496). The reaction of 2,4,6-triphenylthiopyrylium cation 
(9) with one equiv. of aniline and one of triethylamine in Me 2 SO yields 
the corresponding 2-anilino-2//-thiopyran, which is slowly converted at 
room temperature into the 1,2,4,6-tetraphenylpyridinium ion (82JOC3496). 
Conversion of phenyl-substituted thiopyrylium salts into the correspond¬ 
ing pyridines has also been carried out by reaction with pyridinium-N- 
imide (C 5 H 5 N + —NH“) (80NKK604). 2,4-Diphenylthiopyrylium ion (154) 
reacts with methylamine in ethanol or dimethylformamide to yield only 
12-18% of the corresponding N-methylpyridinium ion, the principal prod¬ 
uct probably being 4,6-diphenyl-2//-thiopyran (Section IV,C,8) 
[80JCS(P1)1345], Aromatic amines behave as C-nucleophiles toward 2,6- 
diphenyl- (18) and 2,4-diphenyl-thiopyrvlium (154) ions (Section IV,C,7). 

A complex reaction involving aS^N exchange is that transforming 
the thiopyrylium cation 304 into the 2-pyridone 305 by treatment with 
ethanolic ammonia (73JPR679). 

The reactions of the triarylthiopyrylium salts 9, 66, and 306 with hy¬ 
drazine and hydrazine derivatives can lead to either ring-expansion or 
ring-contraction products (74CJC2798). Treatment of the above triarylthio¬ 
pyrylium salts with an excess of hydrazine in ethanol solution gave the 
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1,2(4//)-diazepine derivatives 307 (R = H, NMe 2 , Cl) in good yield. Addi¬ 
tion of the thiopyrylium salts to an excess of neat methylhydrazine at 
-70°C followed by further reaction at 0°C gave the 1-methy-1,2(17/)- 
diazepines 308 (R = H, NMe 2 , Cl). If great care is not taken to remove 
excess methylhydrazine immediately after the reaction, the observed prod¬ 
ucts are pyrazoline derivatives rather than l,2(l//)-diazepines. For exam¬ 
ple, pyrazolines 309 (R 1 = Me, R 2 = H, NMe 2 ) were obtained under 
these conditions. Under the conditions that afforded diazepines 308, the 
reaction of 9 and 306 with phenylhydrazine gave only the pyrazolines 309 
(R 1 = Ph, R 2 = H, Cl). Thermolysis of the pyrazolines 309 (R 1 = Me, 
R 2 = H,NMe 2 ;R' = Ph,R 2 = H, Cl) afforded the corresponding pyrazoles 
310. The pyrazoles 310 (R 1 = Ph, R 2 = H, Cl) could also be obtained 
directly by carrying out the reaction between 9, or 306, and phenylhydra¬ 
zine in benzene suspension. 

The formation of 1,2-diazepine by reaction of thiopyrylium salts with 
hydrazine hydrate in an organic solvent has also been patented 
(85EGP218360). 

A ring-contraction also occurs in the reaction of 2,6-di-/er/-butylthiopyr- 
ylium ion (26) with hydroxylamine to give the isoxazoline 311 in excellent 
yield [90ZN(B)701]. 

The reaction between thiopyrylium salts and sodium azide has been 
studied by Desbene and co-workers both experimentally and theoretically 
[75CR(C)(280)37; 84T3539, 84T3549]. Paradoxically, whereas cations 
312-314 react with azide ion in acetonitrile to give the corresponding 2 H 
adducts 315-317, less crowded cations give only charge-transfer com¬ 
plexes (Section II,C,l,c). Various attempts to convert the charge-transfer 
complexes into azido-2//-thiopyrans were unsuccessful, thus suggesting 
that they are not along the reaction path leading to the adducts. The azido- 
2//-thiopyrans, on heating, form unstable thiazepins, which decompose 
competitively to yield pyridines after sulfur extrusion and thiophenes after 
elimination of benzonitrile. Photochemical attempts to obtain thiazepins 
from azidothiopyrans were unsuccessful [75CR(C)(280)37; 84T3559]. 



(3)2) R 1 = H, R 2 = Ph (315) R 1 = H, R 2 = Ph 

(313) R 1 = Ph. R 2 = H (316) R 1 = Ph, R 2 = H 

(314) R 1 = R 2 = Ph (317) R 1 = R 2 = Ph 


(311) 
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The reaction between phenyl-substituted thiopyrylium salts and sodium 
azide has been studied by other authors as well (80NKK604). 

6. Reactions with Phosphorus Nucleophiles 

Few studies have been reported about the reaction of chalcogenopyry- 
lium salts with phosphorus nucleophiles. 

2,6-Diphenyl-pyrylium (17) and -thiopyrylium (18) ions react with triphe- 
nylphosphine in either nitromethane or acetonitrile to yield exclusively 
the 4 H adducts 318 and 319, respectively (69KGS368; 80JOC2458). The 
reaction is reversible and the degree of dissociation of the adducts depends 
on the electron acceptor properties of the heteroaromatic cations; i.e., 
the more easily reducible thiopyrylium cation gives the more stable adduct 
(89ZOB1506). The structure of 318 has been confirmed by X-ray investiga¬ 
tion, thus excluding the possibility that the phosphine adduct is a charge- 
transfer complex (89ZOB1506). 

By treating the cation 17 or 18 with triphenylphosphine (also in a cata¬ 
lytic amount) in pyridine, the symmetrical bipyranylidenes 14 (Z = O, S, 
R = Ph) have been obtained in good yield (79JOC4456). The authors 
suggest that the reaction occurs through the formation of a Wittig interme¬ 
diate (320 or 321), which on warming couples to give 14 (Z = O, S, R = 
Ph) and triphenylphosphine. 



(318) 2 = 0 (320) Z=0 

(319) Z=S (321) Z=S 


The reaction has been successfully carried out also with 2,6-di-tm- 
butylthiopyrylium (26) and selenopyrylium (27) (87JOC2123), but not with 
the corresponding pyrylium ion (25), which apparently does not form a 
phosphonium salt with triphenylphosphine (79JOC4456). 

The symmetrical bipyranylidenes 14 (Z = O, S, R = Ph) can be also 
obtained by reacting the phosphonium salt 318 or 319 with butyllithium 
at -78°C in THF for 45 min. However, if the preparation of the Wittig 
reagent is limited to 5-10 min and is followed by the addition of a y- 
unsubstituted pyrylium or thiopyrylium salt, different from that utilized 
in the preparation of the starting phosphonium salt, unsymmetrical bipyra¬ 
nylidenes can be obtained (80JOC2458). 
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2.6- Disubstituted telluropyrylium cations 20 and 28 with triphenylphos- 
phine in pyridine under aerobic conditions, or with triphenylphosphine 
oxide with exclusion of air, gave an oxidative dimerization to produce 
l,l-dioxo(telluropyranylidene)telluropyrans 272 and 273, respectively 
(Section IV,C,2). 

2.6- Diphenyl-substituted chalcogenopyrylium ions 17-19 react with so¬ 
dium diethyl phosphonate [(Et0) 2 P(=0)Na] in dry ether to yield the 
pyranylphosphonates 322-324, respectively. These can be deprotonated 
by potassium rm-butoxide in THF to give the corresponding Homer-Em- 
mons reagent, which with carbonyl compounds readily undergoes the 
olefination reaction. By protonation of the formed anhydrobases, -y-alkyl 
chalcogenopyrylium cations can be obtained (73ZOB359). 

The thiopyranyl phosphonate 323 has been isolated by other authors 
as a colorless solid, which in a few weeks turns to a brown viscous oil 
(80JOC2453). This behavior is due to the partial isomerization of 323 to 
the 2 H isomer 325. Compound 323 has been lithiated by butyllithium in 
THF at -78°C. The 4//-lithiated species is a kinetically controlled product 
that equilibrates to the more stable 2//-lithiated species even at -78°C. 
The 4 H anion, as previously shown by Krivun and co-workers 
(73ZOB359), can react with carbonylic compounds, providing a conve¬ 
nient synthetic route to 4-alkylidene-2,6-diphenylthiopyrans (80JOC2453; 
81JHC627). 



(322) 2 = 0 (325) 

(323) Z = S 

(324) Z= Se 


The reaction of trimethyl phosphite with sodium iodide in acetonitrile, 
when tried on 2,6-diphenylthiopyrylium cation (18), failed to give the 
desired phosphonate 323 (80JOC2453). It has been reported, however, 
that 2,6-diphenyl-pyrylium (17) and -thiopyrylium (18) bromides react with 
triethyl phosphite to give the diethyl phosphonates 322 and 323, respec¬ 
tively (71DOK600). These can be hydrolyzed with HC1 to give the pyranyl- 
and thiopyranyl-phosphonic acids 326 and 327, which treated with triphe- 
nylmethyl perchlorate give the pyrylium- and thiopyrylium-4-ylphospho- 
nic acids 328 and 329. 
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(326) Z = O 

(327) Z = S 


(328) Z = O 

(329) Z = S 


(330) Z = O 

(331) Z = S 

(332) Z= Se 


A number of variously substituted chalcogenopyranyldiphenylphos- 
phine oxides, 330-332, have been prepared by reaction of the correspond¬ 
ing y-unsubstituted heteroaromatic cations with methyl diphenylphos- 
phinite (Ph 2 POMe) in acetonitrile in the presence of sodium iodide 
(90ZOB1012). 


7. Reactions with Carbon Nucleophiles 

The reactions of chalcogenopyrylium salts with carbon nucleophiles 
can be divided in two main groups, i.e., the reactions involving ring- 
opening and those not involving ring-opening. In turn the latter reactions 
can be subdivided into reactions leading to charge-transfer complexes, 
additions, substitutions, and oxidative substitutions. Apart from the reac¬ 
tions leading to the formation of charge-transfer complexes, reported in 
Section II,C,l,c, the most simple reactions are those leading to stable 
addition products, and these will be treated first. 

Organometallic reagents normally give addition reactions. The most 
peculiar reaction of thiopyrylium salts is that leading to the formation of 
thiabenzene derivatives via nucleophilic addition to the sulfur atom. The 
first thiabenzene, 333, was prepared by reaction of 2,4,6-triphenylthiopyr- 
ylium ion (9) with phenyllithium in ether under an atmosphere of nitro¬ 
gen. It was an amorphous purple compound, which rearranged to its 4 H- 
thiopyran isomer 334 on standing at room temperature under nitrogen 
and reacted readily with oxygen to yield, after treatment with hydrogen 




(334) 


(333) 


(335) 
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chloride, the mesoionic pyrylium derivative 335 and thiophenol (61J A1770; 
62JA2094). 

Attempts to isolate 1-cyclopentadienyl-, 1-phenylethynyl-, and 1-alkyl- 
2,4,6-triphenyl-thiabenzenes by reaction of 9 with alkyllithiums or Grig- 
nard reagents have been unsuccessful and only 2 H- and/or 4//-thiopyrans 
have been obtained. However, a transient intense coloration of the reac¬ 
tion solutions has been taken as evidence that the primary nucleophilic 
attack is at the sulfur atom (62JA2090; 71JOC791). Contrarily to aryllithi- 
ums, arylmagnesium halides do not allow the isolation of thiabenzenes 
but only of 2 H- and 4//-thiopyran adducts (72JOC1718). 

The claimed preparation of the simple 1-phenylthiabenzene (69JA1206) 
and of some benzofused thiabenzenes has been disproved by Mislow and 
co-workers (75JA2718). The reason for such failure seems to be mainly 
ascribable to proton abstraction from the a position of the thiopyrylium 
ring by phenyllithium, to generate a thiopyrylium ylide that may be the 
source of unidentified reaction products. 

NMR measurements suggest that the structure of thiabenzenes is best 
described as a sulfonium ylide, e.g., 336, with a barrier to pyramidal 
inversion of sulfur of at least 23 kcal mol' 1 (70JA1803; 74JA6119; 
75JA2718). The ylide structure is consistent with the fact that electron- 
donating groups on the phenyl ring attached to sulfur, contrarily to those 
on phenyl rings attached to the a and y carbons, increase the stabil¬ 
ity of 1,2,4,6-tetraarylthiabenzenes (71JOC791; 72JOC1718; 76JHC237). 
As expected, electron-withdrawing groups exert the opposite effect 
(77JHC199). In addition to the electronic effects, replacement of the 
3- and 5-hydrogen atoms of the sulfur ring in 333 with a bulky group 
such as methyl decreases the stability of the thiabenzene (75JA2718). 
The results of a mechanistic investigation of the rearrangement of 
5-aryl thiabenzenes to their isomeric thiopyrans indicate an intramolecular 
rearrangement that involves a 1,2- or 1,4-migration of 5-aryl groups 
(79JHC917). 


Ph 



Ph 

(336) 


The addition of Grignard reagents or alkyllithium to thiopyrylium salts 
yields 2 H- and/or 4//-thiopyran adducts with an apparently unpredictable 
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regioselectivity, unless one of the a or y positions is unsubstituted 
[62JA2090, 62LA189; 64LA183; 71JOC791, 71KGS(S)85; 83JOC2757], In 
that case the addition usually takes place exclusively at these less hindered 
positions (68KGS762; 70KGS338, 70ZOR1513; 71ZOR613; 74KGS489; 
79JA5059; 80MI5). Selenopyrylium ions behave analogously (82MI6). 
Even the nature of the thiopyrylium counter-ion may play a role on the 
regioselectivity of Grignard addition. For example, the reaction of 2,4,6- 
triphenylthiopyrylium perchlorate with benzylmagnesium chloride affords 
a mixture of the corresponding 2 H- and 4//-thiopyrans, whereas under 
the same conditions 2,4,6-triphenylthiopyrylium iodide gives exclusively 
the 4//-thiopyran (72JOC150). The addition of methylmagnesium iodide 
to the unsubstituted thiopyrylium cation (2) affords a complex mixture 
composed of 2-methyl-2//-thiopyran, 4-methyl-4H-thiopyran, 4-methyl- 
2H-thiopyran, 2H-thiopyran, 4/f-thiopyran, and another unidentified 
product (67G397). 

Ethyl lithiodiazoacetate generated in THF-ether at - 120°C reacts with 
the thiopyrylium cations 62 and 337, and with the selenopyrylium cations 
27 and 129, to yield the corresponding 4//-chalcogenopyranyl diazoesters 
338-341 [78CL723; 79JA5059; 80MI5; 90AG(E)424], By treatment with 



& 



(33*) Z= S, R 1 = CMe 3 , R 2 = Me 

(339) 2=8,^ = CHMe 2 , R 2 = Me 

(340) Z= Se, R 1 = CMe 3 , R 2 = H 

(341) Z= Se, R 1 □ CMe 3 , R 2 = C0 2 Et 


di-p,-chlorobis-(7r-allyl)palladium(II), compounds 338 and 339 yield the 
corresponding thiepins 342 and 343 and compound 341 yields the selenep- 
ine 344, whereas compound 340 yields the anhydrobase 345. The reaction 
between ethyl lithiodiazoacetate and the selenopyrylium cation 63, instead 
of the expected 4 H adduct, yields the anhydrobase 346. 



Xx 


(342) Z = S, R 1 = CMe 3 , R 2 = Me 

(343) Z= S, R 1 = CHMej , R 2 = Me 

(344) Z= Se, Ri = CMe 3 , R 2 = C0 2 Et 


(345) R = C0 2 Et 

(346) R = H 
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Besides organometallic reagents, compounds possessing active methyl 
(ene) groups can give addition products. Thus 2,4,6-triarylthiopyrylium 
salts react with acetone in the presence of amine salts of weak acids (e.g., 
piperidinium acetate) to give 2-acetonyl-2//-thiopyrans 347 (Ar, Ar' = Ph 
or substituted Ph) (86EGP235455, 86JPR573). 2//-Thiopyrans 348 (Ar, Ar' 
= Ph or substituted Ph, n = 1, 2) are similarly obtained by reaction 
of 2,4,6-triarylthiopyrylium salts with 1,2-cyclopentanedione or 1,2- 
cyclohexanedione (89JPR853; 90EGP280324). 


Ar 1 At 



Phosphoryl diazomethanes react with 2,6-di-/ert-butylthiopyrylium ion 
(26) in the presence of triethylamine to give the corresponding 4-(di- 
azomethyl)-4//-thiopyrans 349-353. Reaction of compound 349 or 350 
with di-ju.-chlorobis-(7r-allyl)palladium(II), instead of the expected thiepine 
derivative, afforded the anhydrobase 354 or 355, respectively (85T811). 


(349) R 1 = R 2 = Ph 

(350) R 1 = R 2 = OMe 

(351) R 1 = R 2 = OEt 

(352) R 1 = R 2 = CMe 3 

(353) R 1 = Ph, R 2 = OMe 

In some cases, 2 H or 4 H adducts are isolable intermediates of substitu¬ 
tion or oxidative substitution reactions (see below). 

Substitution reactions require the presence of a good leaving group in 
the a or? position of a chalcogenopyrylium salt. Usually the leaving group 
is a halogen, an alkoxy, or an alkylthio group, and the nucleophiles are 
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compounds possessing active methyl or methylene groups. In these cases 
the reaction proceeds according to Scheme 23. Thus 4-chlorochalcogeno- 
pyrylium salts react with 1,3-cycloalkanediones (75CB2397; 76CB1549), 
3-oxo-1-thiacycloalkane 1,1-dioxides (75CB2397), 1,2,3,4-tetraphenyl- 
cyclopentadiene (75CB2397), ethyl malonate (75CB2397), nitromethane 
(75CB2397), lithium phenalenide (71TL4799), 2-phenyl-2-oxazolin-5-one 
(74URP410016; 76KGS764), and 4-azolidones (80MI7) to yield the corre¬ 
sponding anhydrobases. Analogous substitutions are given by 4-methoxy- 
thiopyrylium ion (142) reacting with malononitrile, ethyl cyanoacetate, 
and cyanoacetamide in the presence of potassium rm-butoxide (74MI1), 
and by 4-ethoxy-2,6-diphenyltelluropyrylium reacting with Meldrum’s 
acid in pyridine (82JOC5235). Analogously 2-methylthiothiopyrylium salts 
react with 2,4-pentanedione, 1,3-indanedione, benzoylacetonitrile. 
(m)ethyl cyanoacetate, malononitrile, cyanoacetamide, ethyl acetylace- 
tate, ethyl benzoylacetate, ethyl malonate, 5-phenyl-2,3-dihydrothiophen- 
3-one, and 3-methyl-1,2-dithiolylium cations to yield the corresponding 
anhydrobases [74BSF1196, 74BSF1356; 75JPR561; 80BSF(2)423, 

80BSF(2)577]. In the reaction with the latter reagent the intermediate 2 H- 
thiopyrans can be isolated if AcOH, instead of butanol, is used as reaction 
solvent [80BSF(2)577]. 

2-Morpholino-thiopyrylium salts 94 (R 1 = Ph, p-MeC 6 H 4 , p-MeOC 6 H 4 , 
R 2 = H) undergo the substitution of the morpholino group with methyl 
cyanoacetate and malononitrile (71JPR1113). 

The reaction of 2-methylthio-4,6-diphenylthiopyrylium (159) with ben- 
zoylacetic acid involves, after the condensation step, a decarboxylation 
step yielding an anhydrobase of the type 261 (R = Ph). The same 
reaction is also given by 4-methylthio-2,6-diphenylthiopyrylium (162) 
[70JCS(C)1202]. Analogously, the reaction of 2-methylthiothiopyrylium 
salts with malonic acid proceeds through two sequential condensation and 
decarboxylation steps, yielding thiopyrylomonomethine dyes (e.g., 18a) 
[80BSF(2)434], 

In some substitutions the nucleophile is an activated aromatic com¬ 
pound ; in these cases a good leaving group, such as a halogen, is required. 
These reactions proceed as exemplified in Scheme 24 for the case of 



Scheme 23 
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dimethylaniline. Thus 4-chlorothiopyrylium salts undergo substitution by 
dimethylaniline, 1-alkylindoles (attack occurs at position 3 of the indole 
ring), anthrone, and 2,6-di-/err-butylphenol (68CB3990; 71KGS1320; 
73MI1). 2-Chloro-4,6-diphenylthiopyrylium ion (146) undergoes an analo¬ 
gous substitution by dimethylaniline (69JPR61). 

Chlorothiopyrylium ions can also be formed in situ. Thus the thiopyry- 
lium ion 267 has been prepared by reaction of 2,6-diphenyl-4//-thiopyran- 
4-one [140 (Z = S, R = Ph)], POCI 3 and the appropriate anilino derivative 
(83HCA2165). An analogous reaction occurs between the thiopyran-2- 
thione 164, POCl 3 + PCI 5 , and 2,4-diphenylthiophene as an activated 
aromatic compound [77JCS(P1)1511]. 

Certain substitution reactions have been described in previous sections: 
those in which the active methyl(ene) compound is an alkylchalcogenopyr- 
ylium salt have been described in Section IV,B,1; thermal decomposition 
of 2-acylmethylthiothiopyrylium salts, which can be viewed as an intramo¬ 
lecular substitution, has been described in Section IV,B,2. 

Oxidative substitutions differ from the normal substitutions reported in 
Schemes 23 and 24 in two ways: (a) a hydrogen atom that takes the place 
of the leaving group and ( b ) the presence of an oxidant that formally 
abstracts hydride from the chalcogenopyran intermediate. Often the chal- 
cogenopyrylium ion functions as both substrate and hydride acceptor 
(autoxidative substitutions). Thus 2,6-diphenylthiopyrylium ion (18) un¬ 
dergoes the autoxidative substitution with 1,3-indanedione, 3-methyl-1- 
phenyl-2-pyrazolin-5-one, barbituric acid, rhodanine, aniline and aniline 
derivatives, antipyrine, 2,3-dimethylbenzoxazolium, 2,3-dimethylben- 
zothiazolium, 2,3-dimethylbenzoselenazolium, 1,2,3,3-tetramethylindo- 
lium, 2,5-dimethyl-1,3-benzodithiolylium, and 4-methyl-2,6-diphenylthio- 
pyrylium (66HCA2046). Cation 18 gives the products of autoxidative 
substitution with 6-membered cyclic )3-diketones, whereas with the 7- to 
12-membered 1,3-cycloalkanediones the corresponding products of simple 
y addition can be isolated. The latter products can be dehydrogenated 
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by 2,4,6-triphenylphenoxyl-catalyzed oxidation with cyanoferrate(III) to 
yield the corresponding anhydrobases (76CB1549). Other autoxidative 
substitutions include the reaction of 2,6-diphenylthiopyrylium (18) or sele- 
nopyrylium (19) cations with 2-phenyl-2-oxazolin-5-one formed in situ by 
heating hippuric acid in Ac 2 0 containing AcONa (74MI2; 75URP465402); 
the reaction of cation 19 with )V,iV-dimethylaniline and 1-methylindole 
(74KGS1174); the reaction of 2,6-di-/<?r/-butylthiopyrylium cation (26) with 
A r ,A/-dimethylaniline (86JA3409); the reaction of 2,4-diphenylthiopyrylium 
cation (154) with 2-aminopyridines, aniline, and aniline derivatives 
[80JCS(P1)1345; 81BRP2070605 ; 83USP4368329]. 2,6-Diphenylthiopyry- 
lium cation (18) reacts with malonic acid, glutaconic acid, and 2,4- 
eptadienedioic acid to yield the products of autoxidative substitution and 
decarboxylation, namely the cyanine dyes 11 (Z = Y = S) with n = 0, 
1, 2, respectively (66HCA2046). The reaction with malonic acid has been 
extended to 2,6-diphenylselenopyrylium ion (19) (75URP484215). 

Other autoxidative substitutions in which the nucleophile is a derivative 
of a chalcogenopyrylium ion have been described in Section IV,B,1. 

Enamines, generated in situ by iodine oxidation of tertiary amines, 
can react with a- or y-unsubstituted chalcogenopyrylium ions yielding 
the corresponding chalcogenopyranylidene iminium salts, which are 
easily hydrolyzed to chalcogenopyranylidene aldehydes or ketones 
(84JOC2676). The reaction proceeds as exemplified in Scheme 25 for 2,6- 



Scheme 25 
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diphenyltelluropyrylium ion (20) and the enamine derived from tripro¬ 
pylamine. In the reaction of 2,6-di-rm-butylselenopyrylium ion ( 27 ) 
with the same enamine, the intermediate 4//-selenopyran was oxidized 
by iodine only in part, the final product consisting in a mixture of AH- 
selenopyranyl and 4//-selenopyranylidene aldehydes. 2,4-Diphenylthio- 
pyrylium ion ( 154 ) reacts with triethylamine and iodine to yield the ex¬ 
pected aldehyde, but reacts with N,N-diisopropylmethylamine to yield 
the ketone 356 resulting from a double substitution. Electron-withdrawing 
substituents attached to the trialkylamine greatly reduced the efficiency 
of the reaction. In fact, the only substrate that gave isolable amounts of 
aldehyde in the reaction with 2-cyanoethyl-N,N-dimethylamine was 2,6- 
di-tm-butyltelluropyrylium ion ( 28 ). 

A certain number of reactions of thiopyrylium salts with active methyl 
(ene) compounds involve ring-opening. Thus, treatment of unsubstituted 
thiopyrylium ( 2 ) with 2,3-dimethylbenzothiazolium ion in Ac 2 0 in the 
presence of pyridine yields compound 357 . It is apparent that the thioenol 
initially formed on ring fission is acetylated in the reaction medium 
(65ZOB316). Analogous products are obtained in the reaction of 2-methyl- 
3-ethylbenzothiazolium, 2-methyl-3-ethyl-6,7-benzobenzothiazolium, 
N-phenylrhodanine, and 3-methyl-l-phenyl-2-pyrazolin-5-one with 4- 
methoxythiopyrylium ion ( 142 ), despite the presence of a potential leaving 
group in the y position (63ZOB1864). 


Ph Ph 



(356) Me (357) 


2,4,6-Triarylthiopyrylium ions can react with active methyl(ene) com¬ 
pounds to yield substituted benzenes according to the addition of nucleo¬ 
phile-ring opening-ring closure (ANRORC) mechanism. Thus 2,4,6- 
triphenylthiopyrylium ion (9) reacts with the CH acids CH 2 XY (X = CN, 
Y = CN, CONH 2 , C0 2 Et; X = Y = COMe; X = C0 2 Et, Y = COMe) 
in Bu'OH in the presence of Bu'OK to yield 2,4,6-triphenylbenzene deriva¬ 
tives 358 (71T6083). Interestingly, in the reaction of 9 with nitromethane, 
a final alkali treatment gave compound 358 with X = N0 2 , whereas 
a final acid treatment afforded compound 358 with X = H. Plausible 
mechanisms for these different behaviors have been proposed (71T6083). 

The reaction of 9 with malononitrile in ethanol in the presence of diiso- 
propylethylamine afforded compound 358 with X = CN. The reaction 
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Ph 



(358) 

was extended to other 2,4,6-triarylthiopyrylium ions. A mechanism in 
which the sulfur atom is eliminated as thiocyanate has been proposed 
(71JHC301). 

Reaction of 9 with nitromethane or ethyl cyanoacetate in the presence 
of triethylamine affords 358 with X = H or CN, respectively (83ZC333; 
86JPR373). The reaction with MeN0 2 and Et 3 N has been also successfully 
carried out with cations 21 and 313 (87JPR975). By treating 2-acetonyl- 
27/-thiopyran 347 (Ar = Ar' = Ph) with alcoholic alkali, a mixture of 358 
with X = H and COMe is obtained (86JPR573). 

The reaction of 2,4,6-triarylthiopyrylium salts (2,6-Ar, 4-Ar' = Ph or 
substituted Ph) with acetic anhydride in the presence of an appropriate 
condensing agent yields a mixture of the corresponding 1,3,5-triarylben- 
zenes and thiobenzophenones 359 (88EGP259398, 88JPR35). The recycli- 
zation mode for the formation of the first compound is 2,6-[C 5 + C], 
whereas that for the formation of the second compound is 2,5-[C 4 + C 2 ] 
[for classification of the various recyclization modes, see Balaban et 
at. (82AHC(S)87-89)]. Under the same conditions 3,5-dimethyl-2,4,6- 
triphenylthiopyrylium ion forms, via [1,5] sigmatropic rearrangement, 
the thiobenzophenone 360. 



Me 

(359) (360) 


The reactions of thiopyrylium ions with sulfur ylides have been also 
investigated. Thus 2,4,6-triphenylthiopyrylium cation (9) reacts with 
Me 2 S + (0)CH 2 - or with MeS + (R)CHCOPh (R = Me, Ph) to yield com¬ 
pound 358 with X = H or COPh, respectively [72C1(L)498; 80NKK604]. 
The reaction with the latter reagents also occurs with 2,3,4,6-tetraphenyl- 
thiopyrylium cation (313) (80NKK604). 
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8. Reactions with Hydride Donors 

The reduction of chalcogenopyrylium salts to chalcogenopyrans can be 
easily accomplished with complex hydrides. Reductions carried out with 
LiAlH 4 will be examined first. The reduction of unsubstituted thiopyrylium 
ion (2) with LiAlH 4 leads to a mixture of 2//-thiopyran and 4//-thiopyran 
in a 1:9 ratio (65MI3; 67G397). In contrast, 3,5-diphenylthiopyrylium 
ion gives an equimolar ratio of both 2 H and AH isomers (74JA6119). 
Thiopyrylium cations 77 (R 1 = Ph; R 2 = Ph, PhCH 2 , n = 1; R 2 = 
Ph, p-MeOC 6 H 5 , 3,4-(MeO) 2 C 6 H 3 , n = 2) give the corresponding 6 H- 
thiopyrans 361 in yields of 25 to 73% accompanied, in some of the cases, 
by the corresponding 2 H and/or AH isomers (75ZOR2173). From the 
reduction of 2,4,6-triphenylthiopyrylium ion (9), the corresponding AH- 
thiopyran has been obtained in 54% yield (62JA2090). Thiopyrylium salts 
having substituents in positions 2 and 6, but not in 4, react with LiAlH 4 
to yield exclusively 4//-thiopyrans. This behavior is shown by 2,3,5,6- 
tetraphenylthiopyrylium ion (312) (71ZOR613; 84T3539), the bicyclic cat¬ 
ions 77 (R 1 = Ph, R 2 = H, n = 1,2) (74KGS489), and the tricyclic cation 
79 (R = H, n = 2) (70ZOR1513). 2,6-Di-tm-butylselenopyrylium ion (27) 
[90AG(E)424] and octahydroselenoxanthylium ions 362 (R = H, Me, Et, 
Pr, Ph, PhCH 2 , p-BrC 6 H 4 ) react with LiAlH 4 to give the corresponding 
4//-selenopyrans (82MI6). 

A number of reductions have been carried out with NaBH 4 . Reduction 
of 2,4,6-triphenylthiopyrylium ion (9) with NaBH 4 affords a 3 : 7 mixture 
of 2 H and AH isomers in methanol (91JOC1674) and a 1: 1 mixture in 
acetonitrile [77ACS(B)496]. Other thiopyrylium cations that have been 
reduced with NaBH 4 in methanol are (2 H : AH ratios given in parentheses) 
18 (0: 100), 111 (4 :96), 26 (9:91), 46 (91:9), and 84(31 :69) (91JOC1674). 
The tricyclic cations 79 (R = H, n = 1) and 363 arc reduced by NaBH 4 to 
the corresponding 4//-thiopyrans (76ZOR1802). Pentaphenylthiopyrylium 
ion (314) undergoes reduction with LiBH 4 in THF to yield the correspond¬ 
ing 4//-thiopyran in 30% yield (84T3539). The octahydroselenoxanthylium 
ions 362 (R = H, Me, Et, Pr, Ph, PhCH 2 , p-BrC 6 H 4 ) react with NaBH 4 
to give the corresponding 4//-selenopyrans (82MI6). 



(361) 


(362) 


(363) 
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2,6-Di-ferf-butyltelluropyrylium ion (28) is reduced by diisobutylalumi- 
num hydride (DIBAL-H) to give the corresponding 2 H- and 4//-teIluropy- 
rans in a 7:93 ratio and 90% overall yield, and less than 1% of dimer 13 
(Z = Te, R = Bu'). The addition of 0.5 equiv. of water to 1 equiv. of 
DIBAL-H followed by the addition of 1 equiv. of 28 and a second equiv. 
of DIBAL-H gives an 80: 20 mixture of (2 H + 4 H isomers) to 13 (88MI4). 

Hydride ion may be provided not only by complex hydrides as described 
above, but also by organic molecules through hydride transfer reactions. 
Thus, treatment of the tricyclic cation 79 (R = H, n = 2) with 1,3- 
dimethylbenzimidazoline for 48 hr in diethyl ether gives 70% of 123 and 
79% of the 1,3-dimethylbenzimidazolium cation (74IZV1831). 

2,4-Diphenylthiopyrylium cation (154) is reduced by methylamine, ethy- 
lamine, benzylamine, or triethylamine in ethanol to give 12-72% of a 
highly insoluble and nonvolatile compound, the elemental analysis for 
which was consistent with its formulation as 4,6-diphenyl-2//-thiopyran, 
but which may be an oligomer of this structure [80JCS(P 1) 1345]. 

Hydride transfer equilibria between unsubstituted chalcogenopyrylium 
ions and unsubstituted 4//-chalcogenopyrans have been studied in nitro- 
methane solution. For the cases Z = O, Y = S, and Z = Se, Y = 
S, the equilibrium shown by Eq. (9) is completely shifted to the right, 
whereas for the cases Z = O, Y = Se, and Z = Se, Y = O, the 
equilibrium constant is practically 1 (65MI1). Analogously, the octahy- 
drothioxanthylium ion [79 (R = H, n = 2)] is obtained when thioxanthene 
123 is treated with the octahydroxanthylium ion (76IZV612). Assuming 
that such equilibria are essentially driven by the relative stability of the 
heterocyclic cations, the following order of stability results: thiopyrylium 
> pyrylium = selenopyrylium. The greater stability of thiopyrylium ion 
is probably due to the best compromise between electronegativity and 
effectiveness of 7r-overlap between the heteroatom and the carbon i r- 
framework. Analogous equilibria in acetonitrile between chalcogenochro- 
menylium ions and the corresponding unsubstituted 4//-chalcogenopyrans 


H H 



and/or 


(9) 
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are completely shifted to the right, indicating that chalcogenopyrylium 
ions are more stable than the corresponding benzo-analogs (65MI1). 

Thiopyrylium ions can function as catalyst in the equilibrium isomeriza¬ 
tion between the corresponding 2 H- and 4//-thiopyrans, by abstracting 
a hydride ion as shown in Eq. (10) [77ACS(B)496; 91JOC1674], Such 
isomerization equilibria have also been studied theoretically by MNDO 
and AMI methods (91JOC4431). The kinetics of isomerization of 2,4,6- 
triphenyl-4//-thiopyran in the presence of 2,4,6-triphenylthiopyrylium ion 
has been investigated in DMF at various temperatures (81JHC1517). 



Hydride abstraction of chalcogenopyrylium ions also occurs in the pro¬ 
cesses of autoxidative substitution. These are described in Sections IV,B,1 
and IV,C,7. 


D. Other Reactions 

3-Hydroxythiopyrylium ion (194) treated with triethylamine in THF 
undergoes proton abstraction and dimerization to yield yy/i-3,11-dithiatri- 
cyclo[5.3.1.1 26 ]dodecane (364). The 5-methyl analog 107 under the same 
conditions gives a mixture of the corresponding syn (365) and anti (366) 
dimers in the ratio 12:1. The dimers have a l-thiacyclohexan-4-one ring 
that in the syn-isomer is locked in the boat conformation, and in the anti- 
isomer in the chair conformation. The preferential formation of the syn- 
isomer may be associated with secondary orbital overlap from the olefinic 
7r-orbitals in the transition state [75ACS(A)453, 75JCS(P1)2099]. 

A complex ring transformation, probably involving radical intermedi¬ 
ates, occurs in the reaction of 2,4,6-triphenylthiopyrylium ion (9) with the 
4-(diazomethyl)-4/f-thiopyrans 349, 350, and 353, the reaction prod¬ 
ucts being the bis(6//-pyrrolino[ 1 ,2-6]pyrazoles) 367-369, respectively 
(85T811). 

The unsubstituted thiopyrylium ion (2) undergoes the Diels-Alder reac¬ 
tion with cyclopentadiene as shown in Scheme 26 (74MI1). 

2,4,6-Triphenylthiopyrylium ion (9) has been found to sensitize the cis- 
frans-photoisomerization of stilbene yielding 98% of trans-stilbene at pho¬ 
tostationary state (67CC1165). The ability of thiopyrylium ions to function 
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(365) R = Me (368) R 1 = R 2 = OMe 

(369) R 1 = Ph, R 2 = OMe 

as effective photosensitizers has been exploited in numerous applications 
(Section V). 

Charge-transfer complexes involving chalcogenopyrylium ions have 
been described in Section II,C,l,c. 

V. Practical Applications 

The number of patents and applicative studies making use of a chalco¬ 
genopyrylium salt is so vast that it will not permit a detailed coverage of 
them in this review. However, we have attempted to spotlight some of 
these studies to give a feeling of the many fields in which chalcogenopyry¬ 
lium salts find application. 

Most applications of chalcogenopyrylium salts exploit their photophysi¬ 
cal and photochemical properties, and principally regard photographic and 



Scheme 26 
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reprographic technologies. In particular a large number of technological 
studies and patents involving chalcogenopyrylium salts deal with their 
application in the preparation of photosensitive compositions for elec¬ 
trophotographic photoconductors (thiopyrylium salts: 63BEP623972; 
69BRP1153506, 69SAP69-949; 71USP889022; 72USP904032; 75FRP226- 
9742; 76USP3958991; 77JAP77-52637, 77JCP5628, 77USP4002475; 78- 
GEP2733911, 78MI3; 79MI3; 80MI8; 81BRP2070605, 81GEP3031595, 
81JAP81-35141, 81JAP81-121042, 81JAP143436; 82GEP3133006, 82USP- 
4327169; 83JAP58-181051, 83JAP58-220143, 83USP4368329, 82USP438- 
4034; 84JAP59-146061; 87GEP3630389; 88JAP63-303362; 89GEP3832903, 
89GEP3832940, 89JAP01-126655; selenopyrylium salts: 69BRP1153506; 
82 USP4327169; 83JAP58-181051, 83JAP58-220143; 84JAP59-146061; 
89GEP3832903; telluropyrylium salts: 82USP4365017) and optical re¬ 
cording media (thiopyrylium salts: 83JAP58-181688, 83JAP58-181689, 
83JAP58-220143; 84NEP83-155; 85JAP60-73892 ; 86JAP61 -143191; 87- 
JAP62-159358; 88EGP258009, 88JAP63-13792; 89JAP01-126655; sele¬ 
nopyrylium salts: 83 JAP58-181688, 83JAP58-181689; 85 JAP60-73892; 
86JAP61-143191; 87JAP62-159358; 88JAP63-13792; telluropyrylium salts: 
85JAP60-73892; 86USP4584258). Also important is the application of 
chalcogenopyrylium salts as polymerization and crosslinking photoini¬ 
tiators, especially in the preparation of photoresists, printing plates, and 
photosensitive compositions for laser imaging (thiopyrylium salts: 68- 
FRP1551034; 72CCC1520;77MI6;79USP4139655;81JAP81-48626, 81M12; 
82JAP8224935, 82JAP82-26678; 83JAP58-40302, 83MI2, 83NKK798, 
83NKK1703; 84BEP897694, 84JAP5942205; 85JAP60-76503, 85MI5, 
85NKK119; 86MI4; 87NKK1027; 88JAP63-278903, 88MI6; 89EUP319296, 
89GEP3834960; selenopyrylium salts: 68FRP1551034; 84BEP897694, 
84JAP59-142205; 85JAP60-76503). Other applications related to the photo¬ 
graphic industry include the preparation of photographic films, sheets, 
emulsions, and gelatines (thiopyrylium salts: 65BEP649986, 65FRP1387433; 
68FRP1522354; 70USP876007 ; 71GEP2035392, 71USP889014; 72USP- 
3671251, 72USP3679415; 78USP4089684; 85MI6; 91USP5019549; sele¬ 
nopyrylium salts: 65BEP649986, 65FRP1387433; 68FRP1522354; 72USP- 
3671251). 

Chalcogenopyrylium salts can find application also as laser dyes (thio¬ 
pyrylium salts: 80MI1; 82MU; 83MI3, 83MI4; 84MI3; 87MI4; 91MI4), 
liquid crystals (thiopyrylium salts: 83MI5, 83MI6; 84SC775; 85JAP60- 
118788, 85JAP60-118789, 85JAP60-118790, 85JAP60-118791; 86MI5; 
88EGP258009; selenopyrylium salts: 85JAP60-118788, 85JAP60-118789, 
85JAP60-118791), organic conductors (Section II,D), and photovoltaic 
elements for solar cells (thiopyrylium salts: 77MI5; 78MI2,78USP4125414; 
82MI5). Telluropyrylium dyes hold promise in the conversion of solar 
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energy to chemical energy by allowing the photoproduction of hydrogen 
peroxide (90JA4086; 92MI1). 

Chalcogenopyrylium salts also show biological activity and can find 
application in medicine. In particular they can behave as bactericides 
(thiopyrylium salts: 76KFZ73,76KFZ80; 81KFZ38; 82URP666803), fungi¬ 
cides (thiopyrylium salts: 77KFZ72; 87KFZ824), reversible inhibitors of 
cholinesterases (thiopyrylium and selenopyrylium salts: 87DOK1499; 
88MI7), chemotherapeutics for differentiated carcinomas or melanomas 
(thiopyrylium salts: 88USP4774250), and fluorescent biological stains (thi¬ 
opyrylium salts: 84JAP59133460). Thio-, seleno-, and, especially, telluro- 
pyrylium dyes hold promise as photosensitizers for photodynamic therapy, 
a recently developed technique for the treatment of cancer (88JA5920; 
89EUP315491, 89MI3, 89MI4; 90JA3845, 90JAP02-164825, 90JMC1108, 
90MI4; 91MI5). 

Thiopyrylium salts can find application in analytical chemistry. Thus, 
2,4,6-triphenylthiopyrylium chloride can be used as a precipitant for the 
quantitative gravimetric determination of anions (C10 4 ~, C10 3 _ , N0 3 “, 
BFD (87MI3). Thiopyrylium salts can be also used in the spectrophoto- 
metric determination of bismuth (75URP482648), tellurium (77URP- 
558856), palladium (77URP558865), and alkyl sulfates (91URP1675746). 

Other sparse applications include the use of thiopyrylium salts for the 
preparation of optically nonlinear organic media (86CPL209), for the prep¬ 
aration of nonaqueous electrolytes for electrolytic capacitors (87JAP62- 
200718), and for dyeing of acrylic (88MI8) and polyamide fibers 
(76URP508518) and the use of telluropyrylium salts in eyeglasses for eye 
protection against laser beam exposure (88JAP63-68161). 
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I. Introduction 

The aim of this report is to provide a unified picture of a rather neglected 
ensemble of highly dipolar heterocyclic compounds within heterocyclic 
betaines and molecules with a betaine character 1 and their crucial immedi¬ 
ate precursors 2 (Scheme 1). Both fundamental and practical interests of 
heterocyclic betaines are mainly due to their dipolar character, which has 
a dominant influence on their chemistry. 

A general principle of heterocyclic chemistry, for both classification 
and generation of heterocyclic systems, brings heterocyclic compounds 
into relation with aromatic ones. Accordingly, heterocycles are related to 
aromatic compounds in two simple ways: by replacing an sp 2 carbon atom 
by a pyridine-like nitrogen atom phenanthrene leads to phenanthridine, 
or by replacing two adjacent sp 2 carbons atoms and an aromatic C (sp 2 )—C 
(sp 2 ) bond by a heteroatom, for instance, a pyrrole-like nitrogen atom, 
phenanthrene leads to carbazole. These relationships are quite obvious if 
the parent aromatic compound is a classical one, as in the examples quoted 
above. The concept of aromaticity for heterocyclic compounds has been 
the subject of extensive research (77KGS723; 79KGS1155; 85KGS867; 
91H127). On the other hand, if the reference compounds are unusual 
structures, such as sesquifulvalene 3 (7 1 Mil) and its vinylogues 
(74CL1215; 78TL645), the opportunities for developing new compounds 
will be great. 

There are at least three possibilities, starting from sesquifulvalene itself: 
(i) to replace a C—C bond in the cycloheptatriene moiety by an N—R 
group, i.e., 4 and 5; (ii) to replace a carbon atom of the same moiety by 



(D (2) 

X,Y,Z: =CR- ; = N- ; ort/io-fused benzoderivatives 


Q = -(CH 2 ) n -; (E) -(CH=CH)-H^>- ; n = 0,1, 2,... 

Het+; —nO) : —(On—R 

(C-N’bond type) IC C'bond type) 


Scheme I. 
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a nitrogen atom, i.e., 6; (iii) to replace a carbon atom of the cyclopentadi- 
ene by a nitrogen atom, i.e., 7. Compound 3 and its heteroanalogues (i.e., 
4-7) are cyclic cross-conjugated 7r-bond systems, which can be described 
to a first approximation by a covalent resonance structure and a dipolar 
one; Scheme 2 shows structures 4-7 represented in their dipolar resonance 
form B. The first possibility has been carefully explored, and the term 
heteroanalogues of sesquifulvalene is normally used for those that are 
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derived formally from 3 by replacement of the seven-membered carbocy- 
clic ring by a quaternary heteroaromatic ring [69AG(E)478; 74HC(1)309, 
74HC(2)378; 85MI1], To our knowledge, the second and the third possibili¬ 
ties have not been reported. 

Within the first possibility, it is of interest to consider structures 8 and 
the N-ylide 9 in which the covalent resonance form is forbidden. They 
may exist only as betaines, being aza analogues of the dipolar form of 
sesquifulvalene (3B). N-Pyridinium cyclopentadienide 9 is a typical exam¬ 
ple of conjugated heterocyclic (V-ylides isoconjugated with odd nonal¬ 
ternant hydrocarbon anions (85T2239). The azinium azolate 10 and azol- 
ium azolate 11 inner salts are aza analogues of the yV-ylide 9 and belong 
to this class of mesomeric heterocyclic betaines. The aza analogues of 
sesquifulvalene 12 are an example in which possibilities i and iii are com¬ 
bined. These push-pull ethylenes should show a spectrum of properties 
ranging between those of ethylenes and betaines. 


A. Scope 

Heterocyclic betaines and other unusual structures have been the sub¬ 
ject of extensive investigation [88AHC(44)269; 92AHC32]. The specific 
focus of this report is to survey recent progress in the chemistry of hetero¬ 
cyclic betaines and molecules with a betaine character of general type 1 
(Scheme 1), and should serve to complement other reviews that deal 
with heterocyclic betaines of alternant hydrocarbons [80AHC(26)1] and 
heterocyclic mesomeric betaines (85T2239). 

Compounds of general structure 1 contain extremely 7r-deficient and i r- 
excessive heteroaromatic moieties linked with several spacers: from aza 
analogues of sesquifulvalene 10-14 to their vinylogues 15-21 and related 
systems 22-28 (Scheme 3 and Table I). 

Structures of type 15 to 20 can also be considered aza analogues of (£> 
stilbene; compounds 17 and 18 are an unusual type of push-pull (£)- 
stilbene that should show a spectrum of properties ranging between those 
of (£)-stilbenes and betaines. The 19 types of compounds selected, 10-28, 
and their precursors, 29-47, outlined in Scheme 3 and Table I, have been 
ordered by: ( a ) the nature of the interannular linkage (-Q-); ( b ) the nature 
of the two atoms linking the 7r-deficient nucleus and the interannular group 
(C—N' bond type and C—C' bond type); (c) the substitution pattern 
between the 7r-deficient nucleus and the interannular group. 

This chapter contains data on compound pairs of types 10-28 and 29-47 
(Scheme 3 and Table I). The literature available to the author has been 
covered up to December 1992. 
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Het*-Q-<f n 
N' X 

10-28 


Het + - Q 

A N' 

29-47 H 


f=\ 




Scheme 3. Compound pairs 10-28 and 29-47 (see Table I). Structures of type 12,13, 
17 and 18 are represented in their dipolar resonance form. 


TABLE 1 

Pyridinium (Imidazolium) Azolate Inner Salts (10)— (28) with Several 
Interannular Spacers, and Their Immediate Precursors (29)-(47)“ 


-0- 

Het’-Q bond type 

C—N' bond C—C' bond 

Q— 





10\ 29 

11\ 30 


12 4-(azolylidene)-1,4-dihydropyridines 



12\ 31 

13 2-(azolylidene)-1,2-dihydropyridines 



13 fc ‘ , 32 

14 (l-alkyl-3-pyridinio) 



14, 33 (£■) 

Q: (E) —CH=CH— 





15 J , 34 

16 J , 35 


17 4-[2-(azolylidene)ethylidene-L4- 



17,36 

dihydropyridines 




18 2-[2-(azolylidene)ethylidene-1,2- 



18, 37 

dihydropyridines 




19 |2-(l-alkyl-3-pyridinio)vinyl] 



19, 38 

20 [2-( 1,3-dialkylimidazolio)vinyl] 



20, 39 

Q: p-phenylene 

21, 40 

(<) 

(<) (<) 

Q: — (CH,)^_ 




n = 1 

22, 41 

23, 42 

(e) (c) 

n = 2 

24, 43 

25, 44 

28 J 47 (<•) 




(4-pyridinio) 

n = 5 

26, 45 

27, 46 

(c) (f) 


“ See Scheme 3. 
h See Scheme 2. 

‘ These series have yet to be studied. 

J These series have only been studied by semiempirical methods. 
1 See ll.A.I and IV.D. 
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B. Nomenclature 

The trivial name betaine corresponds to the natural dipolar ion 48 and 
serves as the generic term for a variety of natural and synthetic compounds 
with positive and negative centers within a single structure (79MU; 
87MI1). A prime example is pyridinium A-phenolate betaine, Reichardt’s 
dye 49, which exhibits one of the largest solvatochromic effects ever 
observed, and is a new type of solvent polarity indicator (88MI1; 
92CSR147). 

The nomenclature of dipolar ions is varied, probably due to semantic 
assimilation of betaine, i.e., 48, and zwitterion, i.e., 50 (79MU). A casual 
terminology for dipolar ions proposed by Nickon and Silversmith (87MI1) 
has clarified their denomination. Furthermore, Ollis et al. (85T2239) have 
proposed a new classification and nomenclature for heterocyclic meso- 
meric betaines that emphasizes the isoconjugated relation of 16 classes 
of heterocyclic mesomeric betaines to alternant and nonalternant hydro¬ 
carbon anions and dianions. Moreover, the recommended designation of 
dipolar ions exemplified by compounds 51 and 52 is zwitterions due to 
the fact that the positive and negative charges are specifically associated 
with separated 7r-electron systems (85T2239). Among other dipolar ions, 
the heteroaromatic A-imines 53, perhaps better referred to as A-ylides, 
are an example in which several denominations coexist [81AHC(29)71]. 



II. Synthesis 

In 1966, Boyd reported the synthesis and properties of 2-( 1-pyridinio)- 
benzimidazolate 55, a stable aza analogue of pyridinium cyclopentadienide 
9 (66TL3369). With this, a novel type of heterocyclic mesomeric betaine 
was found. 
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The bright yellow crystalline A-ylide 55 was prepared by a two-step 
procedure as illustrate in Eq. (1). New compounds were described in this 
category 10 (see Table I) by Rochling et al. [70ZN(B)954] and Postovskii 
et al. (75KGS987). However, the chemistry of these A-ylides was not 
explored until some time later (86CC734; 87JOC5009; 88TH1; 90MI3). 



(55) 

Methods of synthesis leading to pyridinium (imidazolium) azolate inner 
salts and related compounds with a betaine character 1 can be varied. In 
almost all cases, their protonated compounds azolylpyridinium (imidazol¬ 
ium) salts with several interannular linkages 2 are useful as synthetic 
intermediates (Scheme 1). These quaternary salts of nitrogen heteroaro¬ 
matic compounds 2 allow us to deepen the study of classical reactions 
and seek suitable alternatives for their preparation. 

Thus, compounds 2 are interesting substrates with which to study either 
classical Phillips synthesis (91JOC6516; 92CL2357; 93CPB614) or Hein’s 
benzimidazole synthesis (91JOC6516; 92CL2357, 92S395, 92UPT, 
93CPB614) as well as a Knoevenagel-type condensation (91CL2151; 
92JOC4834, 92TH1). Going further, selected prototype structures 2 may 
be attractive substrates for seeking further insight into fundamental topics 
in both organic and heteroaromatic chemistry, for instance, (a) the use 
of quaternary heteroaromatic substrates as leaving groups [84AG(E)420, 
84CSR47; 88AHC(43)173; 90CSR83, 90JA2471,90JA8878] and ( b ) applica¬ 
tion of the Kauffmann’s areno-analogy principle [79AG(E) 1 ], which relates 
heteroaromatic fragments with classical functional groups (77H911; 
88TH1; 91JOC4223, 91TH1; 92TH1). 


A. Azolylpyridinium (Imidazolium) Salts 

There are several methods for obtaining azolylpyridinium and azolylimi- 
dazolium salts 29-33 and their vinylogues 34-40 and homologues 41-47 
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(Table I). Among these are (1) nucleophilic substitution reactions, (2) use 
of pyrylium salts, (3) generation of the azole nucleus in the last synthetic 
step, (4) condensation reactions, and (5) miscellaneous reactions. 

Methods (1) and (2) are classical routes for the preparation of pyridinium 
quaternary salts [74HC(1)309], which together with route (3) are almost 
general approaches, and each has its own area of application. Alterna¬ 
tively, condensation reactions (4) offer a rather specific methodology, and 
as will be seen, they may be useful for the synthesis of vinylogues 36-38. 
Other more or less unusual methods (5) may be applied for the preparation 
of specific azolylpyridinium(azolium) salts. 

The azolylpyridinium(imidazolium) salts with several interannular link¬ 
ages 2 can be synthesized by any of above-mentioned routes. 

1. Nucleophilic Substitution Reactions 

Both heteroaromatic and aliphatic substitution reactions appear to be 
attractive approaches to the synthesis of a variety of azolylpyridiniumfim- 
idazolium) salts 29-31, 33, their vinylogues 36, 38, and homologues 41, 
43 (Scheme 4 and Table II). 

The 2-chloroazole derivatives 56 and 57 can give compounds of type 
29, 30 and 41, 42. By quaternizing compounds of type 58, it may be 
possible to obtain the pyridinium salts 31, 33 and their vinylogues 36, 38. 

Reaction of an activated halogenoazole toward S N Ar gives the N- 
benzimidazolylpyridinium salts 54 (66TL3369) [Eq.(l)]. In the same 
way, using the 2-chlorobenzimidazole 59 directly produced the N- 
ylide 61, which was in turn transformed to the pyridinium salt 60 in 
acidic media [70ZN(B)954][Eq.(4), Table V], Moreover, reaction of the 
2-chloro-benzimidazole 62 with pyridinesgave the N-ylides 64 (75KGS987) 
[Eq.(4), Table V], 

Direct N-ylide formation in Eq.(4) and (5) is a predictable result, 
since these reactions were performed with a large excess of pyridine, 
which acts as a nucleophile and as a base. Then, the basic medium 





(29). (41) (30). (42) 



Scheme 4. 



TABLE II 


Azolylpyridinium (Imidazolium) Salts (29), (30), (31), (33), Their Vinylogues (36), 
and (38), and Homologues (41), (42), Obtained by Nucleophilic 
Substitution Reactions 0 


Structure 

Q 

Azolyl 

Method'’ 

Reference(s) 

(29) 


l//-Benzimidazol-2-yl 

A 

66TL3369; 

70ZN(B)954; 

75KGS987; 

86CC734; 

87JOC5009; 88THI; 
90MI3; 91TH1; 

92MI3 

(29) 


1 //-Benzimidazol-2-y 1 

B 

86EUP181846, 

86JMC1327; 

87JOC4573, 

87JOC5009; 

90JOC4163 

(30) 


l//-Benzimidazol-2-yl 

A 

88TH1, 88TL491 ; 
91JOC4233, 9ITH1; 
92MI3 

(30) 

- 

l//-l,2,4-Triazol-3(5)-yl 

A 

88TH1, 88TL491; 
91JOC4233 

(31) 


1 A/-Benzimidazol-2-yl 

C 

77H911; 79JHCI583; 
88TH1; 89CC1086; 
91JOC4223, 91THI 

(31) 


l//-Pyrazol-3-yl 

C 

68JMC98I; 88THI; 
89CC1086; 
91JOC4223 

(31) 

— 

\H-\ ,2,4-Triazol-3(5)-yl 

C 

69JMC944 

(31) 


l//-Indol-3-yl 

C 

70JMC993; 

78KGS1481 

(31) 


ltf-Pyrrol-3-yl 

C 

71JMC2I4 

(31) 

_ 

IW-Tetrazol-5-yl 

C 

69JMC944 

(31) 


IW-Imidazol-2-yl 

C 

69JMC944 

(33) 

- 

1 A/-Benzimidazol-2-y 1 

C 

79JHC1579 

(33) 

— 

IW-Tetrazol-5-yl 

C 

82JCR(S)122 

(36). (38) 

(E)—CH=CH— 

I //-Benzimidazol-2-y 1 

c 

91CL2151; 92MI4, 
92TH1; 93CPB614 

(41) 

—CH,— 

1 //-Benzimidazol-2-y 1 

c 

88H1233; 89H57; 
90T6033; 91CL845, 
91TH1; 92JOC4829 

(41) 

—CHj— 

1 H- 1,2,4-T riazol-3(5 )-y 1 

c 

9ICL845, 91TH1; 
92JOC4829 

(41) 

—CH,— 

lH-Pyrazol-3(5)-yl 

c 

91TH1 

(42) 

—ch 2 — 

lA/-Benzimidazol-2-yl 

c 

910845, 91TH1; 
92JOC4829 

(42) 

—CH,— 

1//-1,2,4-Triazol-3(5)-yl 

c 

91CL845, 91TH1; 
92JOC4829 

(42) 

—ch 3 — 

l//-Pyrazol-3(5)-yl 

c 

91TH1 


" See Scheme 4. 

* Method A. S N Ar; Method B, Smiles rearrangement; Method C, Menschutkin-type 
reaction. 
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(56) (29), (30) Q:~ (57) 

(41), (42) Q: CH 2 



(58) R 

(31), (33) Q:~ 

(36), (38) Q:(£)-CH=CH- 



(59), (62) (60), (63) 


R ff R' 1 

(59), (60), (61) H a a 

(62). (63), (64) H,CH 3 - NO? 



(4) 


(61), (64) 


promoted the formation of N-ylides 61 and 64 from their corresponding 
N-benzimidazolylpyridinium salts 60 and 63, owing to the intrinsic acidity 
of the poly substituted benzimidazole nucleus with not only a 2-(l-pyri- 
dinio) group but also chloro or nitro groups in the benzenic moiety. For 
instance, the pK a (proton lost) of benzimidazole itself is 12.86, whereas 
for 2-nitrobenzimidazole it is 6.9 and for 5,6-dinitrobenzimidazole it is 
10.7 (87AHC187). 

This route has been applied for the preparation of several A-benzimida- 
zolylpyridinium(imidazolium) salts 29 and 30 (see Table II), as well as 
other azolium salts 30 (88TH1; 91JOC4233, 91TH1). The scope of the 
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S N Ar method is limited to activated halogenoazoles, as is the case of 2- 
chlorobenzimidazoles 56a or to a lesser extent 3(5)-chloro-1,2,4-triazoles 
56b (91JOC4233) [Eq. (5) and (6)]. The reaction temperature is of crucial 
importance to avoid, as far as possible, the undesired dealkylation by¬ 
products (91JOC4233) [Eq.(7) and (8)]. 



70% 


The most usual way to obtain quaternary aza-heteroaromatic salts is a 
subclass of the Menschutkin reaction. This is a typical S N 2 reaction, but 
apart the mechanism of nucleophilic substitution at a saturated carbon 
atom [88AHC(43)173; 90CSR83; 91JOC5039], the reaction involves a ter¬ 
tiary amine and an alkylating agent. In this connection, quaternization of 
aza-aromatic compounds (e.g., pyridines) has been the subject of exten¬ 
sive research [64AHC1; 74HC( 1)309; 78AHC71; 79AJC1735; 81AJC163, 
81AJC2569; 84MI1; 88AHC(43)173]. 
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The (azolylmethyl)pyridinium and imidazolium salts 41, 42 were ob¬ 
tained by reaction of chloromethylazoles with a pyridine or a 1-alkylimida- 
zole (92JOC4829) [Eq.(9)]. For the higher homologues, the starting 2- 
chloroethylazoles are not suitable intermediates, owing to their intrinsic 
instability, even in the solid state. For instance, 2-(2-chloroethyl)-4- 
nitrobenzimidazole 67 was easily transformed to the corresponding 2- 
vinyl-4-nitrobenzimidazole 68, along with transformation or decomposi¬ 
tion products (91JOC6516) [Eq.(10), IV,C], 



(67) (68) 


(67), (68): R,= N0 2 ; Rs=R<s= H 

However, quaternizing more complex molecules of type 69-71 might 
give a mixture of products, and deserves brief comment. These compounds 
provide an attractive basic set for the study of reactions with an alkylating 
agent under neutral conditions (Menschutkin reaction conditions). There 
are at least three annular nitrogen sp 2 atoms to which an alkylating agent 
may be delivered: (i) N- alkylation of the 7r-excessive azole nucleus (84MI2) 
and quaternization of the pyridine-like nitrogen atoms contained in (ii) 
the 7r-deficient ring (i.e., pyridine) and (iii) the 7r-excessive ring (i.e., 1- 
alkylazole). 



(69) (70) (71) 


X, Y, Z, A, B, C, D: =CR-: =N- 

The 2-(pyridyl)-l//-benzimidazoles 72 and their vinylogues 73 can serve 
as models and might lead to the formation of five alkylated derivatives 
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74-78 [Eq.(ll)]. Depending on the pK a of the 7r-excessive ring 
(87AHC187), compounds of type 74-76 may be obtained either as free 
bases, as in Eq.(9), or as their conjugated acid species. Moreover, if the 
benzimidazole nucleus were unsymmetrically substituted in 75 and 76, 
the formation of their corresponding regioisomers could be expected. 



(72) O: - 

(73) O: (£) -CH=CH- 



Quatemizing the pyridine ring leads to the target compounds 74, which 
are examples of the pyridinium salts 31, 33 and their vinylogues 36, 38 
[see Eq.(3) and Table II). 

The benzimidazole derivatives 72 and 73 have been studied, and to a 
lesser extent other azole derivatives of general type 69. When the starting 
material contains a pyridine ring substituted in the 4- or 3- position, quater- 
nization of this ring is usually favored, giving the target pyridinium salts 
74 as the major products in fairly good yield (i.e., 31, 36 and 33, 38, Ta¬ 
ble II). 
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In contrast, with a 2-substituted pyridine moiety, the selectivity of 
alkylation tends toward the 7r-excessive ring and compounds of type 75 
and/or 77 may be found. Therefore, this route is not advisable for the 
synthesis of the pyridinium salts of type 32 and 37 (Section II,A,3). In 
fact, the steric and electronic interference in quaternization has an im¬ 
portant role in or//to-substituted pyridine systems [88AHC(43)173], 

Barni et al. (79JHC1579, 79JHC1583; 84JHC561) have studied the reac¬ 
tion of 2-(pyridyl)- 1 //-benzimidazoles 72 with methyl iodide in neutral 
conditions. Other (4-pyridyl)-1 //-azole systems have been used for the 
preparation of their corresponding pyridinium salts of type 31 (Table II). 
Concerning 3-pyridinio and 2-pyridinio derivatives 33,34, Butler and Gar¬ 
vin [82JCR(S)122] have reported the methylation of 5-(3-pyridyl)tetrazole 
79, giving the pyridinium compounds 80 and 81 [Eq.(l2)] [Section II. B,2, 
Eq.(26)]. 



The behavior of 2-(pyridylvinyl)-l//-benzimidazoles 73 toward neutral 
alkylation has been studied (91CL2151; 92TH1,92UP1). Starting from 2- 
(4-pyridylvinyl) and 2-(3-pyridylvinyl) intermediates, the pyridinium salts 
of type 74 were obtained as the major products, whereas for the 2-(2- 
pyridylvinyl) intermediate the high selectivity of alkylation led to a single 
product, the conjugated acid of the l-alkyl-2-substituted benzimidazole 
counterpart 75 [see Eq.(ll)]. 
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Quaternizing the heteroarylmethanes of type 82, homologues of the 
above-mentioned structure type 72, with iodobutane or bromobutane gave 
the l-alkyl-4-(benzimidazol-2-ylmethyl)pyridinium salts 83, which under¬ 
went spontaneous oxidation to their oxomethyl analogues 84 (91TH1) 
[Eq.(13),IV,D,Eq. (43)]. This unprecedented chemical behavior of a car¬ 
bon atom linked to nonclassical acceptor and donor functional groups of 
compounds of type 83 exemplifies a concurrent application of captodative 
effect (85ACR148; 88PAC1635) and Kauffmann’s areno-analogy principle 
[79AG(E)1], 

2. From Pyrylium Salts 

Among the variety of pyrylium salt ring transformations, their reaction 
with primary amines to give 1-substituted pyridinium salts is a well-known 
procedure [74HC( 1)309; 82MI1]. It is an alternative and complementary 
synthetic route to the quatemization of pyridines by the Menschutkin-type 
reaction (Section II,A,1). However, only a few examples of A-heteroaryl- 
substituted pyridinium salts 29 from C-aminoazoles have been reported 
together with their homologues 41, 43 and vinylogues 40 (82MI1; 
87JOC5009) [Eq. (14)]. In the useful review of Balaban et al. (82MI2) 
there are several references to ^-substituted pyridinium salts obtained 
from pyrylium salts more or less related to compound types 29, 41, and 
43. These have mostly been omitted in Table III unless there is any other 
report related to the subject. 



(40). (41). (43) 

Q = 1(40)1: - ch 2- 1(41)1: -(CH 2 ) n [(43)] 

TPP: R 2 =R 4 =R 6 = Ph: IMP: R 2 =R 4 =R 6 = Me 

Using this route, several examples of A-(benzimidazol-2-yl)pyridinium 
salts with a 2,4,6-triphenylpyridinium group 85 (87JOC5009; 90MI39; 
91MI4; 92MI3) or a 2,4,6-trimethylpyridinium group 86 (90MI3) and their 
vinylogues 87 (87JOC5009) and 88 (90MI3) have been reported, and their 
biological properties have also been examined (V). 
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TABLE III 


Azolylpyridinium (Imidazolium) Salts (29) and Their Vinylogues (40) and 
Homologues (41), (43), Obtained from Pyrylium Salts" 


Structure 

Q 

Azolyl 

R-2\ 4', 6' 

Reference! s) 

(29) 

— 

1 f/-Benzimidazol-2-y 1 

TPP 

74KGS1461; 75 KGS 1180; 
78KGS944; 86CC734; 
87JOC5009; 88TH1; 
90MI3, 9IMI4; 92MI3 

(29) 

— 

1 W-Benzimidazol-2-y 1 

TMP 

80RRC1505; 88TH1; 

92MI3 

(29) 

— 

lAf-Pyrazol-3-yl 

TPP 

86CC734; 87JOC5009; 
88TH1 

(29) 

— 

I//-Pyrazol-3-yl 

TMP 

88TH1; 90MI3 

(29) 


1//-1,2,4-Triazol-3(5)-yl 

TPP 

74KGS1461; 78KGS944; 
86CC734; 87JOC5009 

(29) 


3(5)-Amino-l//-l,2,4- 

triazol-5(3)-yl 

TPP 

87JOC5009 

(29) 


l//-Tetrazol-5-yl 

TPP 

74KGS1461; 78KGS944; 
86CC734; 87JOC5009 

(40) 

b 

1 f/-Benzimidazol-2-y 1 

TPP 

87JOC5009; 88TH1 

(40) 

b 

l/f-Benzimidazol-2-yl 

TMP 

88TH1; 90MI3 

(41)‘ 

-CH 2 - 

1 ff-Benzimidazol-2-y 1 

TPP 

70KGS3I5; 73KGS 1682 

(41)‘ 

-ch 2 - 

1 W-Benzimidazol-2-y 1 

TMP 

70KGS315; 73KGSI682 

(43) f 

—(CH 2 ) 2 — 

1 f/-Benzimidazol-2-y 1 

TPP 

73KGS1682; 74KGS1461; 
78KGS944 

(43) r 

—(CH 2 )j- 

I ff-Benzimidazol-2-yl 

TMP 

73KGS1682 


“ See Eq. (14). 
h p-Phenylene. 

‘ For examples with different azolyl moiety, see Balaban el al. (82M12). 



(85). (86) (87). (88) 


(85), (87) R2'=R4'=R6'=Ph; (86), (88) R2'=R4'=R6’=Me 
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3. By Generation of the Azole Nucleus in the Last 
Synthetic Step 

The most attractive route of the target quaternary heteroaromatic salts 
2 appears to be the formation of the 7r-excessive moiety from conveniently 
functionalized pyridinium or imidazolium intermediates 89 [Eq.( 15)], and 
this should be studied in detail for each case. For this purpose existing 
methods for the synthesis of azoles can be adapted as long as the selected 
procedure is performed in neutral or, better, in acidic media, owing to 
the presence of a cationic moiety in the key intermediate 89. 


Her—0—0 

A' 

(89) 

HeP— Q —^ M 

(2) 

(iv)| 

1 (iii) 

1-1 (ii) 

Het- Q -H *- 

Het- Q —^ jj i 

(90) 

(69), (70) i 


Alternatively, the uncharged intermediate of type 90 can be transformed 
to a wide range of uncharged compounds 69, 70, which in turn may 
be selectively quaternized, always bearing in mind the polyalkylation 
drawback [Section II,A,1 and Eq.(ll)]. Thus, the limiting factors of the 
procedures shown in Eq.(15) are as follows: for transformation (i) the 
reaction has to be carried out in neutral or acidic media and at temperatures 
below 160°C, whereas for (iii) the neutral alkylation with an alkyl halide 
may be selective. 

Probably the best method for synthesizing 2-substituted benzimidazoles 
makes use of the cyclodehydration reaction between a carboxylic acid or 
derivative and 1,2-arylenediamines under acidic conditions (81HC6). Both 
2-(pyridyl)-l//-benzimidazoles 72, 73 and l-alkyl-(l//-benzimidazol-2- 
yl)pyridinium salts 74 shown in Eq.(l 1) have been efficiently synthesized 
by Hein’s benzimidazole synthesis (92S395, 92UP1; 93CPB614) [Eq.(16) 
and (17)]. 

The (azolylethyl)pyridinium salts 43 have been obtained by two alterna¬ 
tive procedures that have sufficient flexibility to allow conveniently substi- 
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(74) 


tuted benzimidazoles to be generated from a variety of o-arylenediamines 
(91JOC6516) [Eq.(18) and (19)]. Both approaches have also been applied 
for synthesis of azolyethylimidazolium salts 44 (92CL2357, 92MI2). 

Several quaternary salts of type 39, 43-46 have been prepared either 
by Hein’s benzimidazole synthesis [see Eqs.(17) and (18)] or using an 
acylchloride, instead of the carboxylic acid or derivative, as shown in 
Eq.(19) (Table IV). 

The general synthetic scheme of Eq.(15) has been applied to the three 
isomers of l-methyl-(benzimidazolylvinyl)pyridinium salts 93-95, which 
are examples of compounds of type 74 mentioned in Section II,A, 1 [see 
Eq.( 11)] and in Eq.( 17). Synthesis of the 4-pyridinio and 3-pyridinio deriva¬ 
tives 93, 94 can be achieved either via (i) from Eq.(15) [(92S395), Eq.(17)] 
or via (ii) and (iii) [(91CL2151; 92UP1), Eq.(ll)]. A different situation 
holds for the 2-pyridinio compound 95, which was only prepared by via 
(i) owing to the steric and electronic interference to quatemization of 
orf/io-substitute pyridine compounds (92UP1) [Eq.(Il), Section II,A, 1], 



(93) (A-pyridinio) 

(94) (3-pyrdlnio) 

(95) (2-pyridinio) 


Syntheses of various types of quaternary salts 2 containing a 2-benzimid¬ 
azole ring are summarized in Table IV; the best results have been achieved 
using the modified protocol of Hein’s benzimidazole synthesis. 

Alvarez-Builla and co-workers synthesized several examples of N- 
benzimidazolylmethylpyridinium salts of type 41 by cyclization of new 
dithioesters with 1,2-arylenediamines 92 (88H1233; 89H57) [Eq.(20)], in 
the course of an investigation on the chemistry of dithioesters and highly 
stabilized ylides (90T6033). For other examples of pyridinium salts 41 see 
Tables II and III. 




(43) 
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TABLE IV 

(1//-Benzimidazol-2-yl)pyridinium (Imidazolium) Salts with Various 
Interannular Spacers Obtained by Generation the 2-Substituted 
Benzimidazole Nucleus in the Last Synthetic Step 



Spacer 



Structure 0 

C—Q—C’ 

C—Q—N’ 

Reference(s) 

(36)—(38) 

(£)—CH=CH— 


92S395, 92TH1 

(39) 

(£)—CH=CH— 


92CLI779, 92TH1 

(41) 


—CH,— 

88H1233; 89H57, 90T6033 

(43) 


-<CH 2 ) 2 - 

76JCS(P1)312; 91JOC6516, 91THI 

(44) 


—(CH 2 ) 2 - 

92CL2357, 92MI2 

(45), (46) 


—(CH,),— 

92UP2 


“ See Table I. 


1. (92), ElOH.A 


(50-81%) 

SMe 


4. Condensation Reactions 

The extended 77 -systems constituted by the ensemble of the quaternary 
heteroaromatic salts of type 36-38 could theoretically be prepared using 
existing condensation reactions for the synthesis of (Zsl-stilbazolium salts 
96 , (£)-stilbazoles 97 , and (£)-stilbenes 98 . Among these, a widely used 
procedure, the Knoevenagel condensation (67OR204; 86ACR121), 
was applied for the preparation of (E)-imidazolylvinylpyridinium 
salt 101 (91CL2151; 92JOC4834) [Eq.(21)]. An improved protocol for a 





(96) W:=NR- 

(97) W: =N- 

(98) W:=CR- 


(36) (4-pyridinio) 

(37) (3-pyrdinio) 

(38) (2-pyridinio) 



1. Piperidine, MeOH, A 

2. 0.5N HBF^HjO, 50°C 

3. 2N Na 2 CC>3 to pH«*6 




218 


ERMITAS ALCALDE 


[Sec. II./ 


Knoevenagel-type condensation using a strongly basic ion-exchange resin 
provides a simple entry into a variety of (£)-imidazolylvinylpyridinium 
salts of type 36 and 37 ; for instance, compound 101 was obtained in good 
yield by this type of reaction (91CL2151; 92JOC4834, 92THI) [Eq.(2l)J. 
In the same way, an indolylvinylpyridinium tetrafluoroborate has been 
prepared (92MI4) (III,D, Scheme 10). 

Regarding Knoevenagel condensation, a wide range of aromatic alde¬ 
hydes are known and easily accessible. However, the less common azolec- 
arbaldehydes are difficult to obtain (i.e., 2-imidazolecarbaldehydes), and 
this could prove to be a limiting factor for the method. Moreover, the 
starting picolinium salt has to contain the C 2 -Me or C 4 -Me side chain 
(i.e., compound 99 ). This approach is not useful for the preparation of 3- 
substituted pyridinium salts 38 , and other methods must be used for this 
purpose [74HC(1)309; 92TH1]. 

5. Miscellaneous Reactions 

Other methods may be applied to obtain specific pyridinium salts of 
general type 2 and they could be complementary to the more general 
procedures reported above (II,A,1 to 4). 

Sulfoxides 102 (PSB s ) (90MI1), through a proposed acid catalyzed path¬ 
way, have been transformed to some types of compounds containing 
quaternary pyridinium moieties. Among them, several /V-benzimidazo- 
lylpyridinium salts 103 (86EUP181846, 86JMC1327) or their mesomeric 
betaines 104 (86CC125; 87JOC4573) [Eq.(22)] together with several di¬ 
meric compounds (90JOC4163) have been reported. Protonation of 102 
produces a consecutive-cascade of transformations that are highly depen¬ 
dent on the conditions applied, and it has been possible to isolate a few 
cyclic sulfenamide intermediates 105 generated by a type of intramolecular 
S N , Smiles rearrangement, of sulfoxides (87JOC4582) [Eq.(23)]. The com¬ 
pound pairs 103 and 104 are examples of the pyridinium salts 29 (see 
Tables II and III) and mesomeric heterocyclic betaines 10 (see Section 
II,B and Table V), respectively. 

1231 

BF„- S - CH 2 R 3 ' 

(105) 

For the preparation of azolylpyridinium salts of general type 2, neither 
of the well-known Zincke-Konig reactions [74HC( 1)309; 81T3423] or the 


50% HBF„, MeOH 
-5 «C, 2h 

(102) -. 

R 5 =H; 
r 6 =h. cf 3 
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TABLE V 

Pyridinium (Imidazolium) Azolate Betaines and Compounds with a Betaine 
Character 10-27 Obtained from the Corresponding Quaternary 
Heteroaromatic Salts 29-46 


Structure" 

Compound 

Basic medium 

Yield (%) 

Reference(s) 

(10) 

(55)* 

nh 4 oh-h,o 

99 

66TL3369; 87JOC5009 

(10) 

(61)* 

Pyridine 

38 

70ZN(B)954 

(10) 

(64)' 

Pyridines 

99 

75KGS987 

(10) 

(104)*' 

NaHCO,-H,0 

>32 

87JOC4573 

(10) 

(104)“' 

NaHCOj-HiO 

73 

87JOC4582 

(10) 

(149)'' 

KOH-EtOH 

96 

78KGS944 

(10) 

(149C' 

Anion-exchange resin 

96 

87JOC5009 

(10) 

(149) f,f 

HiO 

88 

78KGS944 

(10) 

(149)' v 

Anion-exchange resin 

90 

87JOC5009 

(10) 

(149)' 

Anion-exchange resin 

>90 

87JOC5009; 90MI3; 9IMI4; 
92MI3 

(10)* 


NH 4 OH-H,0 or 
K,CO,-H,0 

>91 

92MI3 

(11) 


Anion-exchange resin 

>90 

91JOC4233 

(11) 


K,CO,-EtOH-H,0 

>80 

91JOC4233 

(ll)' 1 


NH 4 OH-H,0 or 
K 3 C0,-H,0 

>80 

92M13 

(12) 


Anion-exchange resin 

>95 

91JOC4223 

(12) 

(115V 

KOH-EtOH-HiO 

>91 

78KGS1481 

(14) 

(109 V 

EtjN-DMSO 

17 

82JCR(S)I22 

(17)—(19) 


Anion-exchange resin 

>83 

9ICL2151; 92UP1; 

93CPB614 

(17), (18) 


Anion-exchange resin 

>82 

91CL2I51; 92JOC4834 

(20) 


Anion-exchange resin 

>94 

92CLI779, 92TH1 

(21) 


Anion-exchange resin 

>96 

87JOC5009; 90M13 

(22). (23) 


Anion-exchange resin 

>81 

9ICL845, 91TH1; 

92JOC4829 

(24)* 


Anion-exchange resin 

95 

92MI2 

(25) 


Anion-exchange resin 

>78 

92CL2357, 92MI2 

(26), (27) 


Anion-exchange resin 

>81 

92UP2 


" See Table I. 

* II,A,I, Eq. (I). 

‘ ILA.l, Eq. (4). 

d II.A.5. Eq. (23). 

' IV.D, Eq. (40). 

1 2-Benzimidazolate. 

* 5-Tetrazolate. 

* 4-Nitro-2-benzimidazolaIe. 
‘ II1,A,3. 

J Eq. (26). 
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more specific Ortoleva-King reaction [73JHC899; 74HC(1)309] has yet 
been used, nor have the other methods for obtaining pyridinium quaternary 
compounds [74HC( 1)309]. 


B. Pyridium (Imidazolium) Azolate Betaines from 
Azolylpyridium (Imidazolium) Salts 

The simplest synthesis of the title inner salts, including molecules with 
a betaine character of general structure 1, is based on deprotonation of 
their immediate precursors 2 [(Eq.24)]. To remove the acidic NH proton 
of the azole nucleus and the inorganic counterion in compounds of type 
2, the necessary basic reaction conditions can be generated by either a 
strongly basic anion-exchange resin (OH - form) or using other basic re¬ 
agents (Table V). 


Her*— Q —^ II -Het 4 — o —^ II 124) 


1 . Using an Anion-Exchange Resin 

Applications of ion-exchange resins to a variety of chemical reactions 
are known (67MI1; 74MI1). They have proven to be extremely useful 
mainly due to their insolubility in water and organic solvents, which allows 
the resin to be removed by filtration without leaving undesirable ions 


Ph 



ch 3 

(107) 


(108) 
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in solution (i.e., 89JOC4993; 90S735; 92JOC4834, 92S355). Basic anion- 
exchange resins have been used to obtain, for instance, betaines 106 
(61JOC1318), 107 [71JCS(C)874], and 108 [91AG(E)558] by deprotonation 
of their corresponding quaternary pyridinium salts. 

Almost all betaines and compounds with a betaine character of general 
structure 1 have been conveniently prepared applying this procedure (Ta¬ 
ble V; IV,C). Strongly basic anion-exchange resins were found to be 
satisfactory, and the chloride form of the resin was converted to the 
hydroxide form before use (760S3; 87JOC5009; 92JOC4834). 

2. Other Basic Media 

The scope of deprotonation of quaternary heteroaromatic salts of type 
2 with common basic media is not too great and the isolation pure com¬ 
pounds of general type 1 may be difficult. 

Some inorganic and organic bases have been used to obtain several 
examples of deprotonated compounds 10 - 13 , as shown in Table V. The 
first example was the transformation of N-benzimidazolylpyridinium per¬ 
chlorate 55 into the N-ylide 56 using aqueous ammonia (66T3369) [Eq.(l)] 
and other examples in this series have already been discussed [Eq.(4) and 
(5),II,A,1; Eq.(25),II,A,5]. A comparative study of the transformation 
of (V-azolylpyridinium salts 29 into the mesomeric betaines 10 has been 
performed using different procedures (87JOC5009) [Eq.(25), Table V, 
IV,D,Eq. (40)] and the method of choice makes use of a strongly basic 
anion-exchange resin (OH - forms), as mentioned above. 



(29) (10) 

For these deprotonation procedures, the solubility of the ionic species 
present in the reaction mixture is of crucial importance. Although their 
solubility in water and in organic solvents might vary to some extent with 
their structure, the problem of isolation of pure target compounds of 
type 1 may sometimes be serious. In this connection, two examples of 
mesomeric betaines 10 reported by Dorofeenko and co-workers 
(78KG944) have been rechecked (87JOC5009, Table V). 

Using triethylamine as a base, the pyridinium iodide 80 has been trans¬ 
formed to the new tetrazolate betaine 109 [82JCR(S)122] [Eq.(26), 
II,A,l,Eq.(12)]. 
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(80) (109) 


Formazans 110 have been oxidized in aqueous alkaline solution with 
K 2 Mn0 4 or K 3 Fe(CN) 6 to the tetrazolium tetrazolate betaines 111 
(73KGS1570; 74KGS268) [Eq.(27)]. 



(110) (HI) 


III. Structure and Physical Properties 

Pyridinium(imidazolium) inner azolate salts and molecules with a beta¬ 
ine character of general type 1 are attractive substrates from the viewpoint 
of structural chemistry, as mentioned in the Introduction. This ensemble 
of compounds offers the possibility of two terminal heterocyclic rings, 
joined through several spacers, with extreme characteristics within hetero¬ 
aromatic systems: a ^-deficient nucleus (cation) and a rr-excessive nucleus 
(anion). The high dipolar character is the distinctive feature offered by 
these compounds and has a powerful influence on their physical and 
chemical properties. 

At present, the accessible physico-chemical properties have been stud¬ 
ied mainly in liquid solution and the overall results provide evidence of 
their intrinsic high dipolar character. Moreover, compounds of type 1 may 
be ideal substrates for the study of their photophysical and other physical 
properties, especially for unconventional extended 7r-systems 15 - 20 , 
which are push-pull aza analogues of (E)-stilbene. Their capacity for 
specific physical behavior merits further exploration. 

The dipolar structural pattern that characterizes these betaines implies 
strongly intermolecular forces (88MI1,88MI2, 88MI3; 90JA5525; 92MI1). 
When two dipolar molecules are in optimal orientation to each other 
formation of nonpolar dimers in antiparallel arrangement may be favored 
(88MI1) and may cancel their dipolar moments, thereby lowering electro- 
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static energy. Thus, the effect of self-association for molecules of type 1 
should be taken into account for reliable interpretation of solution data 
(111,B). Another interesting aspect arises in connection with the nature 
of the ionic species detected in solution, since the negative part of dipoles 
1 are basic azolate moieties (87AHC187), especially for nonconjugated 77- 
electron systems (111,E). The role of preferential interactions between 
water molecules and betaines 1 should also be taken into account. A 
plausible water-mediated proton path is shown in Eq.(28). 



(1) (2) 

Both the effect of self-association and the presence of salt-type associ¬ 
ates 2 [Eq.(28)] may modulate the physico-chemical parameters measured 
in solution. To reduce the perturbing dominance of these effects as far as 
possible, high dilution of the anhydrous sample 1 should be used and the 
water in the solvent should be reduced (III,B,C and E). 

The physical intermolecular solute-solvent interaction forces (88MI1) 
as well as the solute-solute interactions should be taken into account 
for reliable interpretation of physico-chemical data measured in solution. 
Further structural studies may enhance our understanding of these highly 
dipolar organic molecules through their role in noncovalent interactions 
both in liquid solution and in solid state. 


A. Spectroscopic Properties 
1. Infrared Spectra 

The reported IR spectra were recorded for solid samples of compound 
pairs 1 and 2. The azolylpyridinium(imidazolium) salts with several inter- 
annular linkages 2 have shown absorptions in the ranges 3500-3200 cm -1 
(rNH) and 2800-2490 cm" 1 (hydrochlorides) or 1100-1000 cm" 1 (tetraflu- 
oroborates). These bands were absent for the corresponding inner salts and 
compounds with a betaine character 1. Practically all reported information 
concerning 1R spectra and elemental analysis are included in the references 
quoted in Tables II to V (II,A and II,B). 
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2. Nuclear Magnetic Resonance Spectra 

'H and l3 C NMR studies on neutral azoles and pyridinium quaternary 
salts is by now a well-documented subject, and to a lesser extent, azolium 
quaternary salts. In contrast, only few studies have been devoted to azo- 
late ions and practically all the reported data for the anion species have 
been generated in situ using the appropriate NMR solvent in basic medium, 
often because the azolate anions themselves are unknown. 

The NMR spectra of heterocyclic betaines and compounds with a beta¬ 
ine character 1 may lead to a deeper insight into their dipolar nature. Both 
'H and 13 C NMR results have proved to be crucial for structural proof 
and also for providing evidence of charge distribution within the molecule; 
the choice of the solvents was dictated by the solubility of the compounds 
1. 15 N NMR and high-resolution solid-state l3 CNMR spectroscopy have 
not been yet used to study the betaines referred to above. 

For proton spectra, the CH protons of the azole ring are shifted to 
lower frequencies in the anion than in the neutral molecule [67JCS(B)516; 
68JA4232; 71JA1880; 77M11; 810MR219], The dipolar character of com¬ 
pounds 1 is reflected by 'H NMR; the chemical shifts of the CH protons 
in the rr-excessive nucleus were shifted upheld from the protons of their 
corresponding precursors 2, and they are consistent with 'H NMR chemi¬ 
cal shifts for anionic species in the azole series. Differences in the chemical 
shift values (A 8H, Schemes 5 and 6) between selected examples of com¬ 
pounds 1 and their precursors 2 indicate the dipolar nature of 1. 

Aza analogues of sesquifulvalene 12 and their vinylogues 17 and 18 can 
be described to a first approximation by a covalent resonance form 
(A) and a dipolar one (B), whereas structures of type 19 may only exist 
as betaines. Comparison of the chemical proton shifts observed for com¬ 
pounds 12 and 17-19 with those of their corresponding precursors 31, 
36-38 (ASH, Scheme 6) deserves a brief comment. 

For aza analogues of sesquifulvalene 12 (A<-»B), the CH proton signals 
in the six-membered ring move upheld with respect to their precursors 
31 and the ASH values are similar to those observed for their corresponding 
analogues, the A-ylides 10 (Schemes 5 and 6, 91JOC4233). In both series, 
10 and 12 (A<->B), 8 CH for the benzimidazole moiety is well correlated, 
providing evidence of the betaine character in solution for compounds 12 
(III,B,C). 

A similar situation holds for the extended 7r-systems of type 17-19. 
Comparison of the chemical proton shifts observed in compounds of type 
17-19 with those of their corresponding (benzimidazolylvinyl)pyridinium 
salts 36-38 (ASH, Scheme 6) reveals a remarkably constant difference, 
irrespective of the substitution pattern between the 77 -excessive moiety 




(10), (11), (22). (23) (27) 


Scheme 5. ASH: Observed proton chemical shift difference (ppm; DMSO-d 6 ) between selected examples 
of betaines of type (10) (i.e., 55), (11), (22), (23), (25) and (27), and their corresponding precursors the benzimida- 
zolylpyridinium (imidazolium) salts of type (29) (i.e., 54), (30), (41), (42), (44), and (46) (87JOC5009:91JOC4223; 
92CL2357, 92JOC4829, 92MI3, 92UP1). 
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(19) 


Scheme 6. ASH: Observed proton chemical shift difference [ppm: DMSO-4 6 for (12), 
(17), and (19); CD 3 OD for (18)] between selected examples of compounds with a betaine 
character (12), (17), (18) and betaines (19), and their corresponding precursors benzimidazo- 
lylpyridinium salts of type (31), (36)-(38) [89CC1086; 91CL2151, 91JOC4223; 93CP(614)]. 


and the vinylene interannular linkage. Several examples of compounds 
17 and 18 in which the 7r-excessive moiety is an imidazole nucleus have 
shown similar chemical shift value differences (ASH), providing evidence 
of the dipolar nature for compounds of type 17 and 18 in solution. With 
regard to the 7r-deficient moiety, the 'H NMR signals are in good agree¬ 
ment with data for quaternary heteroaromatic compounds (87JOC5009; 
91JOC4223). 

Among the difference types of olefins known with barriers to rotation 
amenable to study by dynamic 'H NMR technique, the reported rotational 
barriers of push-pull ethylenes containing potentially heteroaromatic sys¬ 
tems are rather low, ca. 50 kJ-mor 1 [85MI1; 88AHC(43)173], Moreover, 
Elguero and co-workers have studied the rotational barriers around the 
C—C interannular bond of several 2-(4-pyridyl)benzazoles and their pyri- 
dinium salts (areno-analogues of amides), since they are too low to mea¬ 
sure by 'H NMR (60 MHz) at 173 K (77H911). 
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The only reported data concerning aza analogues of sesquifulvalene of 
type 4, 5, 12 and 13 (I, Scheme 2) refer to molecules of type 5 and 12 
(67JA5384; 91JOC4223) (III.D.). 

Compound 112 (A«->B) shows a barrier to rotation of 47.42 ld-mol -1 at 
223 K (67JA5384). Regarding experimentally rotational barriers of com¬ 
pounds with a betaine character 12, the pyrazole derivatives 113 (A<^B) 
can serve as models. At 243 K the decoalescence was still distant for 
compound 113b (R = Bu) and its rotational barrier may thus be situated 
below 49.1 kJ mor 1 (88TH1; 89CC1086; 91JOC4223) (III,D, Table IX). 

0=0 " 

Me Me 

(112 A) (112 B) 


R 




(113 A) (113 B) 

'H NMR spectra of several examples of the title compounds 1 were 
measured in DMS0-<4 with ca. 10% TFAA and the chemical shifts were 
similar to those observed for their corresponding precursors 2, which 
reversibly regenerated the dipolar compounds on treatment with 25% 
ammonium hydroxide. This assay is limited to dipolar compounds 1 that 
are stable in solution (88TH1; 91TH1; 92TH1). 

Inspection of the 13 C NMR parameters for compound pairs of general 
type 1 and 2 shows that the 8C values of the carbon atoms of the n- 
excessive nucleus are in good agreement with data reported for anionic 
species in the azole series (68JA4232; 71JA1880; 77MI1; 810MR219; 
87JOC5009). With regard to the 77 -deficient moiety, the 8C signals corre¬ 
spond to quaternary heteroaromatic compounds (91JOC4223). 

The deshielding effect at C-2 in the benzimidazole series 10-12, 22-27 
and imidazole series 17, 18 is the most characteristic feature in l3 C NMR 
spectra of these dipolar compounds and reveals a quite constant A8C2, 
irrespective of the nature of the interannular spacer (Table VI and Scheme 
7). One interesting aspect concerns the carbon chemical shifts for the (£> 
vinylene interannular linkage for compounds with a betaine character 17, 
18 (Table VI). The change observed in the position of C/8 resonances is 
in agreement with the /8-substituent effects in the 13 C NMR chemical shifts 
of a series of /8-heteroaryl styrenes [88JCS(P2)19; 90JCS(P2)645], 
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TABLE VI 

Mean Values of Observed Chemical Shift Difference (A8C), Between 
Compound Pairs I and 2 


Compound" 

Solvent 

A8C-2 

A SC-a 

ASC-/3 

Reference(s) 

(10), (11) 

DMSO-d 6 

+ 9.0 

~ 

- 

87JOC4573, 87JOC5009. 88TH1; 
91JOC4223 

(12) 

DMSO-</ 6 

+ 7.5 

— 

— 

88TH1; 91JOC4223 

(22), (23) 

DMSO-rf 6 

+ 8.0 

+ 4.0 

— 

91TH1; 92JOC4829 

(24), (25) 

DMSO-d 6 

+ 8.9 

+ 3.4 

+ 1.7 

91THI; 92CL2357 

(26), (27) 

DMSO-d 6 

+ 9.3 

+ 2.3 

+ 1.0 

92UP2 

(17), (18) 

CDjOD 

+ 7.6 

+ 8.0 

-8.6 

92JOC4834, 92TH1 

(20) 

CDjOD 

+ 6.6 

+ 5.4 

-4.0 

92CL1779. 92TH1 


“ See Scheme 7. 


The positions of the resonance signals are often affected by nonspecific 
and specific solvent effects (88MI1). Among them, the intermolecular 
hydrogen-bonded solute-solvent complexes shown in Eq.(28) and the 
proton-transfer equilibrium can modulate on the observed chemical shift 
values for dipolar compounds 1 (88TH1; 91TH1; 92TH1). However, the 
overall results reflect the dipolar character in solution for the title com¬ 
pounds 1. Further NMR studies may allow a deeper understanding of 
their intrinsic dipolar nature with concomitant presence of noncovalent 
interactions. 

3. UV/Vis Spectra 

The long-wavelength UV/Vis absorption band of the 2-( 1 -pyridinio)- 
benzimidazolate 55 shifts from 445 nm in benzene to around 360 nm in 
water (66TL3369) or aqueous buffer at pH 9 (87JOC4573), and a hypsoch- 
romic shift in the spectra of two examples of/V-ylides 104 [II, A,5, Eq.(23)], 
relative to betaine 55, has been observed (87JOC4573). For /V-pyridinium 
cyclopentadienide 9, a solvent change from heptane to water causes a 
hypsochromic shift of ca. 90 nm (59JA856; 66TL3369; 88MI1). The nega¬ 
tive solvatochromism of the N-ylides 9, 55, and 104 is much less pro- 



Scheme 7. 
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nounced than that for Reichardt’s dye 49 and other related pyridinium N- 
phenolate betaines (88MI1; 91JOC568), including the novel chromoiono- 
phoric betaines 106 [II,B,1 (91AG(E)558; 92CSR147], Moreover, the UV/ 
Vis absorption spectrum of 49 has been determined in over 270 pure 
organic solvents and in several mixtures of organic solvents used to define 
an empirical parameter for solvent polarity, the E T (30) values. Obviously, 
acidic solvents are excluded due to the fact that protonation of the phe- 
nolate anion of betaine 49 prevents the change in its dipole moment on 
electronic transition (88MI1). On the other hand, the electronic spectra 
of polycyclic aromatic cations have recently been reviewed (92AHC261). 

The electronic absorption spectra for several mesomeric betaines 10, 
i.e., 64 [II,A1 ,Eq.(4)] and 11, i.e., Ill [II,B,2,Eq.(27)] has been reported 
(73KGS1570; 74KGS268; 75KGS987). Kost and co-workers (78KGS1481) 
have studied 4-(l//-indol-3yl)-l-methylpyridinium iodide 114 at different 
pH values in the range 7 to 13, and it was possible to determine the 
isosbestic point of the system formed by 114 and its corresponding anhy- 
drobase 115 (A<-»B ), which is an example of aza analogues of sesquifulva- 
lene with a betaine character 12. 



015A) (11SB ) 


4. Mass Spectra 

Betaines of general type 1 have not been systematically studied by mass 
spectrometry (MS). Only isolated data for several examples of compounds 
11 and 12 have been reported (88TL491; 91JOC4223). It would be desirable 
to study this ensemble of compounds 1 using the appropriate MS tech¬ 
niques whatever they may be, together with their immediate precursors 
2. As for the azolylpyridinium(imidazolium) salts 2, any of the MS methods 
that have proved to be adequate for quaternary pyridinium compounds 
may be used (830MS52; 84JOC764; 87JOC4573; 90JA2471; 92TL7771). 


B. Dipole Moments 

Dipolar moments appear to hold a certain fascination for theoretical 
chemists, who frequently check the validity of their calculations by com- 
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paring calculated dipolar moments with the corresponding experimental 
results (84MI3). Apart from the considerable interest from the physical 
chemical viewpoint, the applications of electric dipole moments to hetero¬ 
cyclic systems are of value from the biological and pharmacological view¬ 
point (63PMH189; 71PMH237). 

In 1975 Mauret et al. (75BSF1675) carried out a detailed dipolarimetric 
study of the azole series, on the basis of the various, and sometimes 
conflicting, values of the dipolar moments reported in the literature. For 
pyrazole and imidazole, measurements were performed with the solvents 
dioxane and benzene at different concentrations and at 25°C, with the aim 
of determining the influence of concentration and solvent on the value of 
the dipolar moments, and, at the same time, the involvement of the differ¬ 
ent molecular associations owing to the formation of intermolecular hydro¬ 
gen bonds. Thus, for imidazole (linear polymers), the dipolar moment 
increased with a rise in concentration, whereas for pyrazole (cyclic di¬ 
mers), the dipolar moment decreased with higher concentrations, and 
consequently the dielectric permittivity fell. 

In this connection, the dipole moment values for several examples of aza 
analogues of sesquifulvalene of type 4,5,9 have been reported [65JA2901; 
70JCS(C)800] and for the N-ylide 9 was found to be 13.5 D (65JA2901) 
or 13.2 D (88MI4). For sesquifulvalene 3, the /i, exp has been estimated to 
be 2.2 D (71 MI 1; 72C194). Among a selection of several representative 
solvatochromic compounds, the pyridinium N-phenolate betaine 49 has 
shown a high dipole moment in the ground state () of 14.68 D, and 6 D 
in the excited state (88MI4). 

The measurement of the dipolar moment of ionic compounds such as 
organic and inorganic salts is difficult. This is perhaps why there are few 
references in the literature. Thus, for example, Grunwald et al. focused 
on the study of the molecular structure of ion pairs from dielectric polar 
moments (74JA2387; 76JA1716) and the effects of solutes on hydrogen 
bonding in polar liquid solutions (76JPC2929). 

In the area of heterocyclic mesomeric betaines of pyridinium azolate 
10 and azolium azolate 11, and in organic substrates with a marked dipolar 
character that are aza analogues of sesquifulvalene 3, such as 1-alkyl- 
azoliden-l,4-dihydropyridines 12, the experimental dipole moments of 
various examples of these series has provided us with a greater understand¬ 
ing of the electronic structure in the ground state of this group of com¬ 
pounds. In all cases they show high dipolar moments, in the range 9 to 
13.5 D (Scheme 8 and Table VII) (87JOC5009;91 JOC4223). For the various 
cases studied, /i exp values have been compared with /x cakd (MNDO), as 
discussed later (IIID). In all cases, the measurement of the dipolar moment 
were extrapolated to infinite dilution (to-^O) at 25°C, and the solvent used 
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was anhydrous dioxane. The above system of measurement was used to 
dissociate, as far as possible, the nonpolar dimers (self-association) that 
bring about a reduction in the value of the dipolar moment and lower the 
electrostatic energy. Thus, when the concentration is increased 
(coa0.0002), the dipolar moment tends to zero. It is also crucial that the 
solution be anhydrous (solute and solvent) to avoid hydration, which 
would lead to an erroneously high dipolar moment (91JOC4223). In sum¬ 
mary, extreme, anhydrous dilution has always been used, which involves 
additional experimental difficulty in the measurement of dipolar moments 
in this group of structures 10-12 and, for that matter, any heterocyclic 
betaine or compound with a dipolar character 1, due to the ease with 
which they are hydrated and form nonpolar associations in solution (even 
though dioxane is used at high dilution). 

We can briefly summarize the results for 10-12. For the first series 
studied, the betaines of pyridinium azolate 10, the structures whose rings 
are coplanar, for example 2-(l -pyridinium) benzimidazolate 55, are found 
to be strongly associated when the weight fraction (ca) is greater than 0.0002 
and their dipolar moment tends to zero as concentration is increased. This 
clearly indicates an antiparallel arrangement forming nonpolar dimers. 
This orientation of 55 was confirmed by X-ray diffraction analysis, when 
this type of noncovalent intermolecular interaction was observed in the 
cell unit (III,C). In contrast, the betaines whose rings are arranged or¬ 
thogonally do not associate at these concentrations, for example (2,4,6- 
triphenyl-l-pyridinium)benzimidazolate 116 (87JOC5009). 

Measurement of the dipolar moments of the mesomeric betaines of 
azolium azolate 11 was extremely difficult. Of the various assays per¬ 
formed (extreme dilution, dioxane, 25°C), the best measurements were 
chosen. However, these quasi coplanar structures are highly associated 
when to > 0.0003. and the effect of self-association could not be eliminated 
completely. For example, for 2-(3-methyl-l-imidazolium)benzimidazolate 
117 the /u exp was 11.35 D and the antiparallel orientation of 117 was con¬ 
firmed by X-ray diffraction analysis (III,C). 

In similar experimental conditions, some examples of l-alkyl-4- 
azoliden-l,4-dihydropyridines 12 were measured, the values of which 
ranged between 9 and 9.7 D. This implies a considerable separation 
of charges in the ground state, and also a dipolar nature, which was 
confirmed by X-ray diffraction analysis of 4-(benzimidazol-2-iden)-l- 
methyl-l,4-dihydropyridine 118 (1II,C). 

Different dipole moments measurements were determined for several 
examples of the ensemble of unconventional extended 7r-systems 17-20, 
and the perturbing dominance of self-association has been a serious draw¬ 
back (92PC1, 92TH1). It was, however, possible to record the dipole 
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(55) Q: —; R=R 2 - 4- 6 ,= H Az : 2-benzimidazalate 

(116) Q:—; R=Me;'R 2 .. 4 ^« Ph 
(119) Q: CH 2 ; R= R 2 ',6'=H; R 4 = NMe 2 


Scheme 8. 


moment of three compounds from series 17-19, which were found to be 
in the range 11.6 to 13.0 D (Table VII). For betaines 20, the best recorded 
value were ca. 10.4 D (92CL1779, 92PC1,92TH1). Unfortunately, the low 
solubility of 2-[4-(2,4,6-triphenyl-l-pyridinio)phenyl]-benzimidazolates 21 
precluded the measurement of their dipole moments (87JOC5009). 

The betaines of methylenepyridinium azolate 22 and methyleneimidazol- 
ium azolate 23 homologues of the N-ylides 10 and 11 have been studied 
in detail (92JOC4829). Dipolarimetric studies of four examples from this 
series were carried out in conditions similar to those used for the study 
of various examples of tV-ylides (e.g., 55 and 117). The experimental 
dipolar moments of these betaines of type 22, 23 are found to range 
between 12.34 and 15.34 D (Scheme 8 and Table VII), which suggests a 

TABLE Vll 

Range of Dipole Moments for Heterocyclic 
Betaines (10), (11), (19), (20), (22), (23) and Compounds 
with a Betaine Character (12), (17), (18) in Dioxane 
at 298 K 


Structure n (D) Reference(s) 


(10) 10.33-13.52 

(55)“ 10.33 

(116) " a 13.0 

(11) 9.18-11.33 

(117) “ 11.35 

(12) 9.0-9.7 

(118) " 9.03 

(17), (18) 11.66-11.94 

(19) 13.0 

(20) a 10.4 

(22), (23) 12.34-15.34 

(119) “ 12.34 


86CC734; 87JOC5009; 88THI 
86CC734; 87JOC5009 
86CC734; 87JOC5009 
88TH1; 91JOC4223 
91JOC4223 
88TH1; 91JOC4223 
91JOC4223 

91CL2151; 92JOC4834, 

92TH1 

91CL2151; 92TH1 
92CL1779, 92PC1, 92TH1 
91CL845, 91TH1; 92JOC4829 
91CL845 


“ See Scheme 
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highly dipolar structure and a high separation of charge. However, the 
autoassociation effect was not completely eliminated, although the mea¬ 
surements were performed at high dilution (« < 0.00015). This again 
confirms the difficulty associated with the measurement of the dipolar 
moment of heterocyclic betaines that are susceptible to forming nonpolar 
dimers, even when conditions of extreme dilution in anhydrous solvents 
are used. 

One of the more interesting structural features of small dipolar molecules 
of general type 1 is their experimental dipole moments, which merit further 
studies both in the ground (/x g ) and excited state (^i e ). 


C. Single-Crystal X-Ray Diffraction Analysis 

Among the variety of compounds emerging from prototype structures 
10-28 mentioned in the Introduction (Table I), X-ray structural determina¬ 
tions have been performed on six representative examples: the mesomeric 
betaines 55, 116, 117, and 120; the higher homologue 119; and the novel 
aza analogue of sesquifulvalene with a betaine character 118 (Scheme 9 
and Table VIII). As mentioned earlier, the experimental dipole moments 
for molecules 55, 116-119 were found to be in the range 9 to 13 D (I1I,B, 
Scheme 8 and Table VII). Comparison of the experimental molecular 
geometries and dipole moment values with those obtained from semiempir- 
ical molecular orbital calculations is discussed below (III,D). 

Regarding mesomeric betaines, the interannular C—N' bond length is 
in the range 1.43 to 1.49 A and the torsion angle between the weighted 
least-squares planes of the rings shows that molecules 55 and 117 are 
quasi-coplanar, whereas compound 116 adopts a nearly perpendicular 
arrangement (Table VIII, III,D). The 2,3,4-trisubstituted pyridinium ben- 
zimidazolate 120 is twisted ca. 63°. The 2-(l-pyridiniomethyl)benzimidazo- 
late inner salt 119 has a central C—C—N' interannular bond angle of 
111°. This value resembles that found for diphenylmethane (112.5°), the 
aromatic parent compound (81JOC4975). 

The molecular structure of l-methyl-4-benzimidazolylidene-l ,4-dihy- 
dropyridine 118 (A-^B) provides a definite structural assignment of sev¬ 
eral examples of aza analogues of sesquifulvalene with a betaine character 
12 (A<->B), which lends credence to the spectroscopic results (III,A) 
and experimental dipole moments (1I1,B, Table VII). For compound 118 
(A<->B), the interannular C—C' bond length is 1,448 A, consistent with 
a C (sp 2 )—C ( sp 2 ) single bond and the molecule is effectively planar. 
Neither the benzimidazolate ring nor the pyridinium ring is symmetrical 
and the molecular bond lengths and angles correspond to the mean values. 




Scheme 9. 
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TABLE VIII 

Selected Crystallographic Data of Compounds SS, 116-120 


117 r 


Compound'*: 

55* 

116* 

(A) 

(B) 

118 rf 

119' 

120^ 

Space group 

P2,2,2, 

P2,ln 

P2,la 


14,/amd 

P2,ln 

PI 

C—N' (A) 

C—C' (A) 

1.450 

1.49 

1.431 

1.432 

1.448 

g 

1.442 

tC) 

C—C—N' (°) 
D....A* (A) 

Intermolecular 

contacts 

1.9 

3.29-3.62' 

84.4 

10.6 

2.85, 2.88 
3.43-', 3.46' 

3.8 

£2.5° 

2.97,3.10 

3.60' 

no 

2.83, 2.90 
3.33-3.47 

=63° 


“ See Scheme 9. Designation: 116 = 116 2H,0, 117 = U7-2H 2 0, 118 = 118 2H,0, 
119 = 119 2H 2 0. 

* 87JOC5009. 

' 91JOC4223. 
d 89CC1086. 

f 92JOC4829. 
f 87JOC4573, 87PCL 

* C—N’ (CH 2 —N): 1.489 A and C—C (C—CH 2 ): 1.498 A. 

* H-bonds involving water molecules. 

1 See text. 

> Shortest contacts between the molecules in a type of antiparallel arrangement. 


which are similar to the mean values for 2-(l-pyridinio)benzimidazolate 

55. 

The crystal structure of compounds 55, 116-119 supplies essential infor¬ 
mation on the spatial conditions of noncovalent interactive forces present 
in the solid-state buildup of these dipolar molecules. Mesomeric betaines 
55 and 120 are unhydrated, whereas compounds 116-119 form a dihydrate 
and inspection of their corresponding unit cell reveals several aspects that 
deserve a brief comment. 

The crystal packing of 55 has been shown to be in a type of antiparallel 
and displaced configuration and relevant intermolecular distances are ca. 
3.45 A, as listed in Table VIII. This fact corroborates the formation of 
nonpolar dimers in solution to explain the decrease of the experimental 
dipole moment when the concentration increases (III,B). The poor crystal 
quality of the inner salt (116-2H 2 0 has limited the resolution of the data 
(/? = 0.11, /? w = 0.12) and the two water molecules were disordered. It is, 
however, interesting to note that distances of 116-2H 2 0 reveal a quasi 
symmetrical structure (87JOC5009) (III.B). 
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The crystal structure of 2-(3-methyl-l-imidazolium)benzimidazolate 
inner salt 117-2H 2 0 is built by alternating layers of two symmetry- 
independent molecules (A) and (B), being parellel to the c-axis. The water 
molecules are predominantly placed between the layers and the H-bond 
interactions occur with the 7r-excessive moiety. On the other hand, the 
completely ordered molecules of type (A) are stacked pairwise in an 
antiparallel arrangement perpendicular to the h-axis (Table VIII). 

The molecules of compound 118B-2H 2 0 in the unit cell are parallel to 
the long faces of the unit cell, forming layers perpendicular to the c- 
axis. Each layer is built by alternating rows of 118B molecules and H 2 0 
molecules. The molecules of 118B are antiparallel stacked; i.e., the nitro¬ 
gen atom of the hexagonal ring of one molecule is located between the 
centers of the pentagonal rings of the two neighboring molecules in the 
row (Table VIII). In summary, all the experimental results of several 
examples compounds (12 (A<->B) are consistent with the betaine character 
of these compounds in the ground state, aromatization being the driving 
force (89CC1086; 91JOC4223). 

X-ray analysis confirmed that the inner salt 119 forms a dihydrate and 
the water molecules are placed in rows along the c-axis. The H-bonds 
involving water molecules and the shortest contacts between molecules 
of 119 are collected in Table VIII. 

Summing up, the crystallographic studies of the compounds referred 
above have been crucial for structural proof and also for providing evi¬ 
dence of the dipolar structure in the solid state within compounds of 
general type 10-12 and 22. The large dipole moments in the ground state 
induce the molecules to pack in an antiparallel fashion to cancel their 
dipole moments, lowering electrostatic energy. The fact that the presence 
of salt-type associates mentioned before [Eq.(28)] has not been observed 
is noteworthy, and similar H-bond dimensions have been found for the 
dihydrates 116, 117, 118, and 119 (Table VIII). 

Unfortunately, crystallographic studies of other series within com¬ 
pounds of general type 1 are not always possible, owing to the lack of 
suitable single crystals under standard crystallization techniques. This is 
the case of compounds of type 17-20 (91CL2I51; 92CL1779, 92JOC4834) 
and the unstable ethylenepyridinium(imidazolium) benzimidazolate inner 
salts 26, 27 (91JOC6516; 92CL2357) (IV,C). 


D. Theoretical Methods 

The duo formed by computational techniques and chemistry has become 
one of the most promising tools in the interpretation and analysis of 
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experimental data of existing molecules, and also for supplying infor¬ 
mation in molecular design of new compounds and structures [86MI1; 
90AG(E)992, 90JMC833, 90N(L)631]. Amato (92SCI306) described the 
status of computational chemistry as the ascent of odorless chemistry. 
Calculation methods encompass MO and molecular mechanics techniques; 
each method is useful for certain purposes, and their significance to organic 
chemistry has been summarized by Streitwieser (90JOC7A). 

The semiempirical MNDO SCF-MO and AMI SCF-MO models intro¬ 
duced by Dewar et al. (77JA4899; 85JA3902) have proved to be suitable 
tools for reproducing experimental data for several examples of heterocy¬ 
clic betaines of general type 1, such as dipole moments and molecular 
geometries. Relevant results are collected in Table IX (III,B and C). 

MNDO SCF-MO Hamiltonians were applied for several mesomeric 
betaines 10 (i.e., 55) with a fixed geometry for both rings, and the interan- 
nular C—N' bond was taken to be 1.48 A (87JOC5009). Some years later, 
the same technique but employing a standard sip valence basis and with 
full optimization of all geometric variables was used for sesquifulvalene 
3, its aza analogues 4 (R = Me) and 5 (R = Me), and for four examples of 
type 12 (I, Scheme 2). A limitation of the MNDO method was found for 
structures of type 12 (A<-»B ) and the dipole moment was moderately well 
predicted for compound 118, being rather low, but it was accurate for 
compound 121 (91JOC4223) (Table IX). An extensive theoretical study 
by semiempirical methods (i.e., AM 1) is desirable for this type of structure 
12 (A*-»B) and their vinylogues 17 (A^B), 18 (A*-»B). On the other 
hand, three examples of pyridinium A r -phenolate betaine dyes, including 
compound 49, have also been studied by the AMI method (91JOC568). 
The predicted dipole moment value in the ground state for Reichardt’s 
betaine 49 was overestimated (Table IX). 

The geometries of eight selected betaines of methylenepyridinium(imi- 
dazolium) azolate 22, 23 (i.e., 119, 120) were constructed in Chem X 
(91 Mil) and fully optimized at the RHF, closed-shell ground-state level 
using both the MNDO and the AMI SCF-MO models, with the aim of 
evaluating which of these methods was the most suitable for structures 
of this type and, by extrapolation, for heterocyclic betaines of general 
type 1, Comparison of the calculated molecular geometries of compound 
119 with those obtained from its single-crystal X-ray diffraction analysis 
shows that the AMI methodology provides a good description of the 
structure, which is slightly better than that described by the MNDO 
method. With regard to the dipole moments, the AMI method predicts 
values closer to those experimentally determined than does the MNDO 
method (Table IX). Therefore, the AMI SCF-MO is better suited to pre¬ 
dicting experimentally observed trends of betaines of type 22 and 23 



TABLE IX 

Selected Semiempirical Calculations Data of Heterocyclic Betaines 10, 11, 22, 23 and Compounds with a Betaine Character 12 


Structure 

Method 

AH r (kJ-moC 1 ) 

T mn (deg) 
calcd (exp) 

rf“(A) 

calcd (exp) 

M (D) 

Reference(s) 

Calcd 

Exp 

(3) 

MNDO 

400.56 

0 

1.368 

1.29 

ca. 2.2 

71 MI 1; 91JOC4223 

(4)* 

MNDO 

360.57 

1.5 

1.375 

5.22 


91JOC4223 

(112) r 

MNDO 

379.23 

10.2 

1.378 

3.02 

5.20 

63JOC1731; 91JOC4223 

(12) 

MNDO 

304.J2-453.34 

0.0-0.3 

1.381-1.398 

7.69-9.34 

9.03-9.71 

91JOC4223 

(113a)* 

MNDO 

355.23 

0.1 

1.381 

8.87 


91JOC4223 

(113b) rf 

MNDO 

304.12 

0.1 

1.381 

9.34 

9.42 

91JOC4223 

(118) 

MNDO 

453.34 

0.3 

1.395 

7.69 

9.03 

91JOC4223 




(=2.5) 

(1.448) 




dor 

MNDO 


0-37.5 


8.19-13.84 

10.33-13.52 

86CC734; 87JOC5009 

(10/ 

MNDO 


90 


10.15-15.52 


86CC734; 87JOC5009 

(55) 

MM2//AM1 


0.13 

1.407 

9.97 

10.33 

92PC2; 93JST105 




(1.9) 

(1.450) 




(55) 

MNDO 

550.28 

0.12 

1.393 

9.55 

10.33 

92PC2; 93JST105 

(55) 

AMI 

685.40 

0.12 

1.398 

9.41 

10.33 

92PC2; 93JST105 

(55) 

MNDO 


0 


11.06 

10.33 

86CC734; 87JOC5009 

(11) 

MNDO 


0-52.5 

1.403-1.422 

8.52-14.76 


91JOC4223 

(117) 

MNDO 


0 

1.413 

12.30 

11.35 

91JOC4223 




( g ) 

(1.431)* 




(49)* 

AMI 


89 

1.43 

17.01 

14.70 

88MI4; 91JOC568 



N,—C„—C, (deg) C„— 1 Ni (A) C„—C, (A) 

Structure Method AH f (kj mol ') [calcd (exp)] [calcd (exp)] Calcd Exp Reference(s) 


(22) 

MNDO 

455.47-532.08 

107.6-108.8 

ca. 1.544 

ca. 1.467 

14.34-17.13 


92JOC4829 

(22) 

AMI 

605.22-637.35 

109.8-111.6 

ca. 1.495 

ca. 1.468 

13.43-17.85 


92JOC4829 

(119) 

MNDO 

532 

108.3 

1.534 

1.478 

17.13 

12.34 

92JOC4829 




(111) 

(1.489) 

(1.498) 




(119) 

AMI 

642.95 

110.5 

1.484 

1.484 

17.85 

12.34 

92JOC4829 

(23) 

MNDO 

373.59-428.40 

108.2-110.4 



14.34-15.76 


92JOC4829 

(23) 

AMI 

590.11-616.47 

110.5-111.6 



15.39-15.93 


92JOC4829 

(121)' 

MNDO 

347.29 

108.7 

1.532 

1.463 

15.49 

15.34 

92JOC4829 

(121)' 

AMI 

605.76 

111.6 

1.476 

1.467 

15.39 

15.34 

92JOC4829 


“ lnterannular bond distance. 

R = Me. 

‘ (112) = (5, R = Me). 

^ = 60. 
f R-2',4'.6' = H. 

1 R-2',4',6' = Me. 

* See Table VIII. 

h N-Pyridinium phenolate betaine (Reichardt’s dye). 
1 3-(3-Butyl-l-imidazoliomethyl)-l,2,4-triazolate. 
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than the MNDO SCF-MO (92JOC4829), and, from these results, of any 
heterocyclic betaine that emerged from the general type structure 1. How¬ 
ever, calculations on structures with a betaine character, such as 12 , 13 
and their vinylogues 17 , 18 , need careful analysis for reliability. 

Running the calculations in the same way as for betaines 22 , 23 , four 
selected molecules, 122 - 125 , from the ensemble constituted by the inner 
salts 15 , 16 and 19 , 20 have been studied (92PC3). Both the AMI and 
MNDO methods have predicted high dipole moments for the unknown 
betaines 122 and 123 , ca. 17 D. A similar situation holds for compounds 
124 (13.9 D) and 125 (17.7 D), whereas the best measured dipole moment 
values were 13 D for 124 and >10.4 for 125 (III,B, Table VII). 



(122), (123): Az' = 2-benzimidazolate 

(124), (125); Az' = 5,6-dimethyl-2-benzimidazolate 

Empirical force field calculations (MM2(8S)) using atomic point charges 
calculated by AMI calculations (MM2 // AMI) correctly reproduce the 
AMI surface for heterocyclic betaines 55 , 126 , and 127 (93JST105). The 
methodology allows extensive conformational analysis of medium to large- 
size molecules by semiempirical calculations (AMI). The interaction ener¬ 
gies for the dimerization of these betaines have also been well reproduced. 



(126) (127) 


Dimerization of 2-(l-pyridinio)-benzimidazolate 55 has been observed 
in liquid solution (III,B) and in solid state, the shortest intermolecular 
contact being 3.29 A (Table VIII,III,C). The antiparallel stacked structure 
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of 55 has been better predicted by the MM2 // AMI calculations and the 
shortest atomic distance, at the energy minimum, was found to be of 3.37 
A, whereas using AMI calculations it was 4.07 A. On the other hand, a 
comparative study of MM2 // AMI, AMI, and MNDO calculations for 
all the energy minima of several model compounds has been performed 
including betaines 126, 127 and their corresponding benzimidazolylethyl- 
pyridinium cations (compounds of type 43 and 47) (93JST105). 

A theoretical analysis of cations present in several examples of (£>1- 
alkylazolylvinylpyridinium salts of types 36 and 38 has been recently 
reported (92MI4) (Scheme 10). Furthermore, a comparative study of sem- 
iempirical calculations using MNDO, AMI, and PM3 methods has been 
performed with cations of types 36, 38 and the model 130 (92PC4). 

Five selected cations, 93,94,101,128, and 129, together with the model 
compound 130 (NVP + , R = Me) were studied at the PM3 level (89MI1; 
91MI1, 91MI2). At the final minima, all the compounds are planar, which, 
from the electron charge distribution, shows a degree of polarization simi¬ 
lar to that of the NVP + model compound 130 (Scheme 10). However, the 
fitting of all optimized structures indicated that only the indolylvinylpyri- 
dinium structure 129 showed the same orientation of the aromatic fragment 
a compared with the model 130, leading to definition of a volume not 
accessible to ligands in the enzyme and consequently to a refined model of 
choline acetyltransferase (ChAT) recognition site (92MI4). The biological 
results are discussed in Section V. 



(93) : 4-Py\ X= CH 

(94) : 3-Py + , X= CH 
(128): 4-Py*. X= N 





Scheme 10. 
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E. Other Physical Properties 

Different physical properties in both the ground and the excited states 
should provide deeper insight into the high dipolar nature of compounds 
of general type 1. When the acid-base equilibria of these heterocyclic 
betaines are discussed, two situations must be considered: (i) there is 
resonance interaction between the pyridinium (azolium) cation and the 
azolate anion and (ii) the two moities are independent. 

In situation (ii), for instance betaines of type 10, 22, 24, 26, and 28, the 
basicity of the benzimidazole anion is that of a classical benzimidazolate 
perturbed by the substituent at position 2. The pK a values have been 
determined for betaines 10 and related compounds (87BSF604), allowing 
the determination of the cr meta value for the 2,4,6-triphenylpyridinium 
substituent (o- m = 0.67, close to that of the nitro group, o- m = 0.74). The 
main practical consequence is that betaines of these series are strongly 
basic compounds with a tendency to be solvated in order to gain stability. 
Situation (i) is quite different, e.g., 12(A<->B), 17(A<-»B), since there is 
no formal negative charge on the benzimidazole ring; unfortunately, no 
pK a values are available. 

Unconventional extended 7r-sy stems of type 17-20, and their immediate 
precursors 36-39 (Table I), should be of interest for their capacity for 



(B) (12) (A) 
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specific physical behavior in the field of advanced materials. Several mole¬ 
cules synthesized within these series (91CL2151; 92CL1779, 92TH1) have 
been selected for a preliminary study of their mesogenic behavior by 
means of optical microscopy (OM) and differential scanning calorimetry 
(DSC) as described by Serrano and co-workers (90M14), and none of them 
have shown a mesophase(s) (92PC5). 


IV. Reactivity 

Heterocyclic betaines and compounds with a betaine character of gen¬ 
eral type 1 are ideal substrates for the study of their chemical reactivity 
in both ground and excited states. The singular dipolar nature of 1 is a 
powerful driving force and this, together with the C—N' and C—C' bond 
types and the nature and length of the spacer, generates a wide range of 
possibilities for the study of their reactivity. Their chemical behavior 
toward-dienophiles and their thermal and photochemical transformations 
(i.e., flash pyrolysis and photodimerizations) are aspects of interest at 
present. 


A. Reactivity Toward Electrophiles and 
Dequaternization Reactions 

It is well established that following A-alkylation of the azole nucleus 
by alkyl halides under neutral, but not usually mild, conditions the yields 
are restricted to around 50% (84M12), i.e., imidazoles [80AHC(27)241] 
and benzimidazoles (81HC86). Moreover, if the 7r-excessive nucleus is 
asymmetrically substituted, the corresponding regioisomers may be 
formed (II,A,1). Nevertheless, due to the highly dipolar structure of com¬ 
pounds of general type 1, it could be expected that electrophilic attack at 
a nitrogen atom of the azolate ring would take place under neutral and 
mild conditions with yields of over 50%. Several mesomeric betaines 10 
and 11 do indeed react with methyl iodide, giving their corresponding 
1-methylazole quaternary salts 131a, type 29 (N- Me), and 131b, type 30 
(A-Me), with high yields (90MI3; 91JOC4233) [Eq. (29)]. For asymmetri- 

z ^ Mel. Me 2 CO 

Her —^ H ( ^79^) Het+ —*\ " * 29) 


(10). i 


(131a). (131b) 
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cally substituted benzimidazole derivatives, both regioisomers have been 
found (91MI4; 92MI3). 

A similar situation holds for several dipolar compounds 1 within other 
known series (Table I), if they are stable in solution. Among them, A- 
methylation of compound 132 (A«->B) has been reported (92JOC4834) 
[Eq. (30)]. Formation of the 1-methylimidazole quaternary salt 133 reflects 
the dipolar nature of compounds of type 18 (A<->B) together with 17 
(A<->B ), and this result is in agreement with the available physicochemical 
data measured in solution (III, A,2, Scheme 6 and Table VI; III,B, Table 
VII, being /a exp of 132= 11.66 D). 



(132 B) (133) 


Quaternary salts of nitrogen heteroaromatic compounds are usually 
stable and their dequatemization reactions are of interest, being the 
reverse of the Menschutkin reaction (II,A, 1). In this context, pyridin- 
ium salts and, to a lesser extent, condensed systems derived from six- 
membered nitrogen heterocycles are by far the most commonly investi¬ 
gated. This is presumably due to the fact that such studies were directed 
toward seeking insight into fundamental topics of heteroaromatic chemis¬ 
try [79AJC1735; 81AJC163; 88AHC(43)173; 90CSR83], 

Dequatemization of azolium quaternary salts initially involved pyrazol- 
ium compounds, which could be pyrolyzed in vacuum at ca. 200°C 
(66AHC417). The use of thiophenolate anion under phase transfer catalysis 
proved to be an excellent method of obtaining pyrazoles and indazoles in 
high yield from their corresponding quaternary salts [78CR(C)439], The 
thermal descomposition of imidazolium quaternary salts has been studied 
by Grimmett et al. (77AJC2005). 

As mentioned above, in the preparation of A-benzimidazolylpyrazolium 
chloride 65, the formation of the dealkylated by-product 66 was detected 
at 135°C [II,A,1, Eq.(7)]. The more stable A-benzimidazolylimidazolium 
salts of type 30a [Eq. (5)] were used as evidence, and thermolysis of three 
A-benzimidazolylimidazolium salts 30a together with the A-benzimidazo- 
lylpyrazolium salt 65 was performed under standard conditions. On the 
other hand, debenzylation of the A-benzimidazolylimidazolium salt 134 
by hydrogenolysis has been reported (91JOC4233) [Eq. (31)]. 

When planning the preparation of any member of the ensemble consti¬ 
tuted by azolylpyridinium (imidazolium) salts 2 listed in Table I using any 



Sec. IV.C] 


HETEROCYCLIC BETAINES 


245 



_ OH . r^ N _y/ N Y^T' 

(73%) N-y 


(31) 


of the alternative routes discussed previously (II), attention should be 
paid to the reaction temperature to avoid dealkylation. 


B. Cycloaddition Reactions 


Cycloaddition reactions of mesomeric heterocyclic betaines, including 
meso-ionic heterocycles and heteropentalenes, have been the subject of 
extensive investigations [77T3203; 78AHC183; 80AHC(26)1; 82T2965], 
but none have dealt with the conjugated heterocyclic N-ylide 9 and related 
compounds (85T2239). 

Heterocyclic mesomeric betaines 10 and 11 , aza analogues of the 
ALylide 9(1, Scheme 2), are suitable for studying their behavior as dipoles, 
where the dipolar moiety contains more than four it electrons. Moreover, 
their reactions with dipolarophiles should be a potentially attractive route 
for the synthesis of a variety of heterocyclic structures, and can also give 
entry into novel polycyclic ring systems. 

A preliminary investigation of the behavior of azolate azolium inner 
salts 11 toward dipolarophiles has been reported (91JOC4233). When equi- 
molecular amounts of 136 and dimethyl acetylenedicarboxilate (DMAD) 
were mixed in dichloromethane at 25°C for 3 h, the major product was a 
1: 1 adduct, the new tetracyclic structure 137 [Eq. (32)]. 




(32) 


C. ^-Elimination Reactions 

Quaternary aza aromatic compounds are suitable substrates for investi¬ 
gating fundamental topics in organic chemistry. The behavior and use of 
pyridines as neutral leaving groups in nucleophilic substitution at a satu- 
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rated carbon atom have been developed by Katritzky and his group 
(90CRS83; 91JOC5039). Besides the synthetic value, this sheds light on 
the mechanism of aliphatic nucleophilic substitution reactions both in 
solution and in the gas phase. As for 1,2-elimination reactions, Bunting 
et al. have reported a detailed kinetic and mechanistic study for base- 
catalyzed El cB reactions of A-(2-cyanoethyl)pyridinium cations 138a, and 
the rates and equilibria for the Michael-type addition have also been 
studied (90JA8878) [Eq. (33)]. Furthermore, the results with several 
A-pyridinium cations 138b and the imidazolium analogue 139, with the 
same activating group, have shown that for leaving groups of similar 
basicity, pyridine is a better nucleofuge than 1-methylimidazole 
(91JA6950). 




-CHj-CHj-Z + OH" 


(138a) Z=CN 



(33) 


f=\ 

C + N - CH 2 — CH 2 - Z Me - N ^+N 



no 2 


(13Bb) Z= 4-nitrophenyl 


(139) 


Several benzimidazolylethylpyridinium salts 43, through the unstable 
betaines 24, underwent a type of /3-elimination and were transformed at 
room temperature into their corresponding 2-vinylbenzimidazoles 68 using 
a strongly basic anion-exchange resin, hydroxide form (II,B,1). This 
approach allows a practical synthesis of the almost unknown 2-vinyl- 
benzimidazole monomers (91JOC6516) [Eq. (34)]. Due to the unstability 
of simple inner salts of type 24, it was only possible to detect these 
species from 4-nitrobenzimidazole derivatives by 'H NMR (D 2 0-NH 4 0H) 
(91TH1) (see below). 

The chemical behavior of benzimidazolylethylimidazolium salts 44 un¬ 
der basic and neutral media has been reported (92CL2357, 92MI2). As 
outlined in Eq. (34), deprotonation of compounds 44 afforded the fairly 
unstable ethyleneimidazolium benzimidazolate betaines 25 (but less so 
than 24), which underwent a type of j8-elimination at 80°C and 2-vinyl- 
benzimidazoles 68 were formed. 

For quaternary salts 43, Katritzky and co-workers reported that com¬ 
pounds 140 and 141 were converted into cyclic dimers 142 and 143, their 
structure being verified by X-ray diffraction of 142 [76JCS(P1)312] [Eq. 
(35)]. Methylation of dimer 142 led to l-methyl-2-vinylbenzimidazolium 
salt 144 through an unstable intermediate, as shown in Eq. (36). It was 
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pointed out that the 1,5-diazocine system had to be formed directly from 
the starting salts 140, 141 shown in Eq. (35). 

As stated above in Eq. (34), the ability of the compound pairs 25 (i.e., 
145) and 44 (i.e., 146) to undergo a type of /3-elimination would be favored 
by the betaine structure 25. The negative part of dipoles 25 are fairly 
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strongly basic moieties, taking into account the acidic pK a values in the 
benzimidazole series (87AHC187) [II,A,1, Eq. (4); III, Eq. (28); III,A,E). 
The model compound pair selected was 145 and 146. 

In the same reaction conditions, betaine 145 underwent j8-elimination, 
providing 2-vinyl-benzimidazole 147, whereas its corresponding benzimi- 
dazolylethylimidazolium tetrafluoroborate 146 resulted in clean conver¬ 
sion to the aforementioned 1,5-diazocine 143 (92CL2357) [Eq. (37), (38)]. 
Moreover, betaine 145 was transformed to 147 as mentioned above, but 
its immediate precursor 146 gave 147 in low yield [Eq. (39)]. 




/ (90%) 

1 Pyndine f 



(37) 



80% EtOH 8 0% Et0H 

(145) 8 °‘ C:72h ► (147) < B ° ,C:72h (146) (39) 

(90%) (15%) 

Summing up, the alkene-forming elimination reactions shown by the 
ethylenepyridinium (imidazolium) azolate inner salts 24 and 25 are predict¬ 
able since the dipolar nature contained within the substrate acts as the 
driving force. Whatever the 1,2-elimination mechanism may be, the nega¬ 
tive part of the dipole is a basic azolate nucleus and may favor an assisted 
proton transfer pathway that promotes a type of (8-elimination under mild 
conditions, the cationic moiety being the nucleofugal species. Moreover, 
formation of 2-vinylbenzimidazoles 68 from betaines 24 and 25 in Eq. (34) 
depends on the nature of the nucleofugue in the relative order pyridine 
> 4-dimethylaminopyridine > 1-methylimidazole together with the basic¬ 
ity of the benzimidazolate moiety (91JOC6516,91TH1; 92CL2357,92MI2). 

Both the inner salts of type 24, 25 and their immediate precursors 43 
and 44 may serve as suitable organic substrates for seeking insight into 
basic organic reactions and their mechanisms. 
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D. Other Reactions 

One of the most familiar types of ring-opening among pyridine deriva¬ 
tives is associated with the reaction of pyridinium compounds with nucleo¬ 
philes through an S n (ANRORC) mechanism (81T3423; 85T237). As pre¬ 
viously mentioned (II,B,2), several examples of the A-ylides 10 were 
prepared by deprotonation of their corresponding /V-azolylpyridinium salts 
29 using different basic media (87JOC5009) [Eq. (25), Table V], How¬ 
ever, the 2,4,6-triphenylpyridinium derivatives 148 (i.e., 85, II,A,2) were 
converted into the corresponding azolopyrimidines 150, via the known 
A-ylides 149, when the basic medium was aqueous sodium hydroxide 
(88TH1; 92UP4) [Eq. (40)]. For asymmetrical azoles (i.e., 1,2,4-triazoles) 
only one regioisomer was found. 



(150) 


The mesomeric betaine 116 was quantitatively converted in refluxing 
EtOH-H 2 0 into the corresponding benzimidazo[l,2-o]pyrimidine 151, 
whereas its precursor /V-benzimidazolylpyridinium tetrafluoroborate 152 
remained unaltered under the same reaction conditions [Eq. (41)]. On 
the other hand, benzimidazopyrimidine 151 was also formed as secon¬ 
dary product by using forced reaction conditions according to Eq. (42) 
for synthesis of compounds type 85, i.e., 152 (87JOC5009) and 153 
(75KGS1180; 82MI1; 87JOC5009) (II,A,2, Table II). 

Owing to the finding that 4-(benzimidazolylmethyl)-l-alkylpyridinium 
salts 83 had been spontaneously transformed to the 4-(benzimidazolyloxo- 
methyl)-1 -alkylpyridinium analogues 84 (91TH1 )[II, 1 ,Eq .(13)], both prep¬ 
aration and isolation of the unknown betaines 155 with a C—CH 2 —C' 
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(152) R« Me (39%) (151) R- Me (13%) 

(153) R- H (47%) (154) R- H (16%) 


interannular spacer are likely to be difficult. According to Eq. (43), the 
high dipolar character of 155 will favor the oxidation to 156 through the 
captodative effect (88PAC1635). Compound pairs 155 and 83 have been 
omitted in Table I (I). 



V. Biological Properties 

The title dipolar molecules 1 and the protonated counterparts 2 encom¬ 
pass a vast array of compounds within the different patterns outlined in 
Table I (I) and the biological aspects of several members of these series 
have been investigated. 

A variety of compound pairs 10, 29 have been reported from a biologi¬ 
cal viewpoint (90MI2; 91MI3). In connection with the mechanism of 
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action and the underlying chemistry of the potent H + /K + ATPase 
inhibitors PSPs, 102, previously mentioned [III,A,5, Eqs. (22)—(24)], 
several N-benzimidazolylpyridinium salts 103 (86JMC1327) together with 
the corresponding N-ylides 104 (86CC125; 87JOC4573) were formed 
through an acid-catalyzed pathway. 

An antiparasitic screening of several model compound pairs 10, 
29 showed that some N-azoiylpyridinium salts 29 demonstrated anti- 
leishmanial activity in vivo and also in vitro activity against Trypano¬ 
soma cruzi (88TH1; 90M13). The selection of a representative subset of 
N-benzimidazolylpyridinium salts of type 29 was performed by means of 
a QSAR analysis [88TH1; 91MI4], On the other hand, several compound 
pairs 11, 30, and 12, 31 had exhibited antileishmanial activity, although 
to a lesser extent than the aforementioned compounds 10, 29 (88TH1). 
Among compound pairs 10-12, 22, 24 and 29-31, 41, 43 containing a 
4-nitrobenzimidazole moiety (91TH1), studies evaluating their activity 
against Trichomonas vaginalis demostrated that some of the C—N'-type 
bond compounds had activity (i.e., 10, 30), although less than metronida¬ 
zole, the reference drug (91TH1; 92MI3). 

A series of N-pyridinium quaternary salts 29,41, and 43 obtained from 
pyrylium salts (II,A,2) in which the 7r-excessive ring contains different 
annular heteroatoms (N, O, S) showed biological activity; they are de¬ 
scribed in the review of Balaban et al. (82MI2). 

(£)-Alkylazolylvinylpyridinium salts 36-38 could serve as model com¬ 
pounds for testing their behavior as enzyme inhibitors, for instance 36 
toward (H + /K + )-sensitive ATPase (91TH1; 93CPB614) or ChAT (92MI4; 
92TH1). Regarding their behavior toward ChAT in vitro (III,D, Scheme 
10), the (£)-indolylvinylpyridinium salt 129 is the only one showing some 
ChAT inhibition and a similar VDW surface to the reference NVP + (130). 
The results suggest that the previously established (88JMC117) coplanarity 
and polarization criteria may not be enough to account for the ChAT 
inhibitory activity of aryl(heteroaryl)vinylpyridinium salts, and that steric 
requirements might have a very important role in their interaction with 
the enzyme (92MI4). 


VI. Conclusions 

Heterocyclic betaines of azinium (azolium) azolate with different inter- 
annular spacers 1 constitute a vast array of highly dipolar chemical entities 
with low molecular weight. In Scheme 2, it has been stressed that sesquiful- 
valene 3 can be broken down into various types of betaines and compounds 
with a betaine character. From the studies reviewed, it is apparent that 
Scheme 1 is transformed to Scheme 11. The present level of knowledge 
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of the chemistry of betaines 1 is described in four interconnecting boxes. 
Future research will provide deeper insight into the chemical aspects of 
compounds 1 outlined in Scheme 11, and the more promising have been 
suggested in the corresponding sections (II—V). 

An interdisciplinary approach should lead to their future prospects as 
building blocks of a variety of chemical structures. Thus, betaines 1 can 
be incorporated as a subunit(s) in host molecules and could confer unusual 
properties to the supramolecules, either cavitates or clathrates. Their 
capacity for specific physical behavior should also be considered together 
with their use as neutral ligands (azolate ligands without counterion) in 
forming metal complexes. Advances in the chemistry of betaines 1, to be of 
any real significance, must result from coordinate efforts directed toward 
supramolecular chemistry, advanced organic materials, and heteroarene 
coordination chemistry. 

Finally, there are aspects, some of basic interest, for which compounds 
1 may be useful but for which different ideas will be required, beyond 
those suggested here, before a global perspective of this ensemble of 
dipolar substrates is achieved. 
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I. Introduction 

Reactions of nitrile oxides with alkenes to give A 2 -isoxazolines (herein¬ 
after referred to as isoxazolines) (Scheme 1) have continued to attract 
attention since the pioneering work of Werner and Buss in 1894 
(1894CB2193), Wieland in 1907 (07CB418, 07CB1667) and Quilico el al. 
in 1950 [50G479, 50N(L)226], Huisgen categorized these processes as 
being members of the broad class of [3 + 2] cycloaddition reactions [61 Mil; 
63AG(E)565, 63AG(E)633], Their mechanistic aspects have been the sub¬ 
ject of considerable debate and, more recently, their synthetic potential 
has been the object of intensive study. 

The extent and diversity of research in this area have led to earlier 
reviews (64MI1; 71MI1; 75ACR361; 77MI1; 83MI1; 84MI1; 88M11; 
91HC1). Caramella and Grunanger summarized work to 1980 as part of 
a review of the chemistry of nitrile oxides and imines (84MI1). Later, 
Grunanger and Vita-Finzi reviewed the synthesis of isoxazolines to 1984 
(91HC1). Torssell surveyed the literature relating to the use of nitrile 
oxides, nitrones, and nitronates in organic synthesis to 1985, with an 
addendum incorporating work published before August 1987 (88MI1). The 
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Scheme 1 


publication of more than two hundred papers since 1987 on reactions of 
nitrile oxides with alkenes is testament to the continued interest in the field 
and has prompted the current review, which covers literature published 
between 1985 and 1992. Some work from 1993 and unpublished material 
are also discussed. Earlier work has been included only where it is required 
to put more recent developments in context. Research trends are illus¬ 
trated with representative rather than exhaustive examples. Particular 
attention is given to dramatic improvements in the degree of stereocontrol 
that has been attained in intermolecular reactions and to developments 
in the use of intramolecular nitrile oxide cycloaddition (INOC) reactions, 
where the predisposition of the reacting groups within a molecule greatly 
enhances the regio- and stereo-selectivity. 


II. Nitrile Oxide Synthesis 

The synthesis of benzonitrile oxide (3) by chlorination of benzaldoxime 
(1) to give benzhydroximinoyl chloride (2), followed by dehydrohalogena- 
tion with sodium carbonate (Scheme 2), as established by Werner and 
Buss (1894CB2193), formed the basis of what remains the most common 
approach for synthesis of nitrile oxides. Chlorination has been accom¬ 
plished using chlorine, although ring chlorination occurs with aryl sys¬ 
tems that are substituted with electron-donating groups (89CPB2519). 
Alternative chlorinating agents include nitrosyl chloride (27LA161), N- 
chlorosuccinimide (80JOC3916), hypochlorite (86SC763; 87TL3189), 
chloramine-T (A r -chloro-A f -sodio-4-methylbenzenesulfonamide) (89S57), 
1-chlorobenzotriazole (90SC1373), iodobenzene dichloride (91SC1625), 
and hydrogen chloride in DMF/OXONE (92JOC1088). Tertiary amines, 
particularly triethylamine. are commonly used in place of carbonate 
[61AG656, 61TL583; 78JCS(P2)607], Aluminium oxide (85T5569), Flori- 

Cl, Na 2 CO, + 

In—C=N-OH -* Ph—C=N-OH -- Ph—C=N-0 

H Cl 


(1) 


(2) 

Scheme 2 


(3) 



Sec. II] 


REACTIONS OF NITRILE OXIDES WITH ALKENES 


263 


sil (85T5569), molecular sieves (90H1693), hexabutylditin (87SC1199), 
bis(tributyltin) oxide (91CC17), tetraphenyltin (91CC17), tributyltin 
hydride (91CC1671), and alkali metal fluorides (91H477) have also been 
used as dehydrohalogenating agents. Other variations include bromina- 
tion instead of chlorination, using hypobromite (65JOC2809), sodium 
bromite with a catalytic amount of tributyltin chloride (89TL3987), or N- 
bromosuccinimide (68JOC476), and thermal dehydrohalogenation of the 
hydroximinoyl halide (63BSB719; 86MI1; 89JOC2209). Thermolysis has 
also been used to generate the nitrile oxide from the O-ethoxycarbonylal- 
doxime (4) (91BCJ318). Nitrile oxides have also been obtained through 
electrolysis of aldoximes in methanol containing sodium chloride 
(89JOC2249; 90MI1) and by oxidation of aldoximes with dimethyl dioxi- 
rane (92NKK420) or mercuric acetate (920PP91). 

Ph—C=N —OCOjEt 
H 


(4) 

Examples of the variety of nitrile oxides that can be prepared from the 
corresponding aldoximes include the chromone derivative (5) (88H1127), 
the thiophene derivatives (6a) (88KGS1034; 89KGS1620; 91CCC1315), 
the furan derivatives (6b) (91CCC1315), the phosphorus-functionalized 
nitrile oxide (7) (86CL183; 87BCJ2463; 88BCJ2133; 89BCJ171), and the 
ribose derivative (8) (89TL3675). Dibromoformaldoxime gave the nitrile 
oxide (9) in water, for direct reaction with water soluble olefins 
(92TL3113). Metal-chelated nitrile oxides (10) were obtained by treat- 


ll + - 

(EtO) 2 PCH 2 C=N—O 


(7) 


RC=N—O.UCI 


(10) 
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R 3 



Scheme 3 

ment of benzhydroximinoyl chloride (2) with organometallics, and used 
to advantage in cycloaddition reactions, where complexation of the 
metal with the alkene improved the regio- and stereo-selectivity 
(91TL6367; 92TL1357). Of particular interest, the a,/3-unsaturated nitrile 
oxides (11) were prepared by treating the corresponding aldoximes with 
iV-chlorosuccinimide/triethylamine and used in cycloaddition reactions 
without competing self-condensation (Scheme 3) (90ACS806). A novel 
method of nitrile oxide synthesis was devised by Nishiyama et al. 
(85JA5310), whereby oxidative fragmentation of /3-stannyl oximes gave 
nitrile oxides and alkenes simultaneously, with control of stereochemistry 
of the alkenes (Scheme 4). 

An alternative common method of nitrile oxide synthesis, frequently 
referred to as the Mukaiyama method (60JA5339), involves dehydration 
of primary nitroalkanes using, for example, phenyl isocyanate in the pres¬ 
ence of a catalytic amount of triethylamine (Scheme 5). Phosphorus ox¬ 
ychloride (730S59; 90S817), chloroformate esters (86BCJ2827), aryl 





R 1 = Me, R 2 = H 
or R 1 = H, R 2 = Me 


Scheme 4 
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RCH 2 —N0 2 -- R—C=N—O 

Et 3 N 

Scheme 5 

(86BCJ2827, 86M1091) and alkyl sulfonyl chlorides (89MI1), and acetic 
acid and anhydride (89M11) have also been used as dehydrating agents, 
and thionyl chloride has been used with nitroacetamides (89TL3193). The 
versatility of the method using methyl chloroformate/triethylamine was 
illustrated through application with the labile carbapenem derivatives (12) 
(84CC1513). The nitrile oxide ( 13 ) was obtained from the corresponding 
nitromethylxylose by treatment with tolylene diisocyanate (88CC1339). 
The nitrile oxide ( 14 ) was produced from diethylnitromethylphosphonate 
using phosphorus oxychloride (90S817). The Mukaiyama method is prefer¬ 
able with substrates such as sulfides, which are susceptible to oxidation. 
Accordingly, nitrile oxides such as ( 15 ) (88BCJ3973) and ( 16 ) (90JOC5505, 
90TL743) have been prepared from the corresponding nitroalkanes. 


Me 



(15) $#f 

In related procedures acetyl chloride and acetic anhydride have been 
used to prepare nitrile oxides from lithium nitronates (86T3825), whereas 
the nitronic ester ( 18 ), prepared by O-alkylation of the nitroalkane ( 17 ), 
underwent thermal elimination of methanol to generate benzenesulfonylni- 
trile oxide ( 19 ) (Scheme 6) (84H2187). The latter procedure is potentially 
HAZARDOUS, as the nitronic ester ( 18 ) has been reported to be EXPLO¬ 
SIVE (85JMC1109), and base-induced elimination of methanol from the 



266 


CHRISTOPHER J. EASTON el al. 


[Sec. II 


CH,N, I + jS A + - 

PhS0 2 CH 2 —N0 2 - ► PhS0 2 —C = N -- PhS0 2 C=N—O 

OMe 

(17) (18) (19) 

Scheme 6 

ester (18) (85JMC1109) or other standard methods to generate the nitrile 
oxide (19) (81TL3371; 83TL743) are preferable. 

Nitroalkenes gave nitrile oxides by conjugate addition with tm-butyl 
isocyanide, followed by intramolecular rearrangement (Scheme 7) 
(87CC189), or by titanium tetrachloride-mediated conjugate addition of 
allylstannanes, followed by treatment with base (Scheme 8) [87S471; 
89JCS(P1)289]. In each case conjugate addition is concomitant with nitrile 
oxide formation. 

Nitrile oxides are generally unstable and readily undergo dimerization 
to give the corresponding oxadiazole TV-oxides (Scheme 9), which are 
commonly referred to as furazans N-oxides or furoxans. Aryl nitrile oxides 
usually have a half-life of several hours, whereas aliphatic and acyl nitrile 
oxides are much more reactive. The dimerization of aryl nitrile oxides is 
retarded by electron-donating substituents and by bulky groups at the 2- 
and 6-positions (65JOC2809). Usually, only aryl nitrile oxides such as 
2,4,6-trimethyl- and 2,6-dichloro-benzonitrile oxide are sufficiently unre¬ 
active to be stored (71 MU); however, other nitrile oxides have been 
stabilized with tris-(4-bromophenyl)-aminium hexachloroantimonate 
(93TL4363). Interestingly, 4-methoxy-2,6-dimethylbenzonitrile oxide is 






Scheme 7 
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TiCL, 



Scheme 8 


sufficiently stable that its structure has been determined through X-ray 
crystallographic analysis (68CC1409). To diminish competing dimeriza¬ 
tion, nitrile oxides are generally generated in situ, [63AG(E)565] in the 
presence of excess alkene. Low reaction temperatures and slow addition 
of reagents have also been used to control the rate of nitrile oxide formation 
[63AG(E)565; 71 Mil], In this manner, rearrangements of the nitrile oxides 
(71 Mil) are also limited. 

Cycloreversion of furoxans has also been used to generate nitrile oxides 
in situ under thermolytic conditions [72JCS(P1) 1587; 76CC240; 
79JCR(S)314, 79S36, 79TL2443; 81TL3371], Of course, dimerization of 
nitrile oxides becomes inconsequential under these conditions but this 
procedure is limited by the tendency of nitrile oxides to rearrange to 
isocyanates, and by the cycloreversion of isoxazoline products, particu¬ 
larly at elevated temperatures [79AG(E)721; 85CB4203], Curran and Fenk 
(85JA6023; 86TL4865) performed the thermolysis with bis-[2-[(trimethylsi- 
lyl)oxy]prop-2-yl]furoxan (TOP-furoxan) (20) and a clean conversion to 
the isoxazolines (21) was observed (Scheme 10). Unprotected hydroxy 
groups on the alkene were shown to survive the procedure, which is not 
the case with the Mukaiyama method of nitrile oxide formation, and the 
cycloaddition with relatively unreactive alkenes proceeded in good yield. 


R—C=N—O 


w + 


'O' 


Scheme 9 
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^—C=N—O y:=N-OH 

o OjN 

Me 

(26) (27) (28) 

Scheme 13 

Nitrile oxides have also been identified in several mechanistic studies, 
although the synthetic utility of these procedures has yet to be examined. 
Reaction of the trimethylsilylated diazo compound (22) with nitrosyl chlo¬ 
ride gave the nitrile oxide (23) (Scheme 11) (88AG289). The nitrile oxide 
(25) formed on thermolysis of the nitroketene (24) (Scheme 12) (92CC485). 
Heating the nitroisoxazolone (26) gave A-methylcarbamoylformonitrile 
oxide (27) (Scheme 13) [92H(34)1511], Nitrile oxides were formed in reac¬ 
tions of arylsulfonyl halides with nitronate ions [88JCS(P2)725], through 
reactions of nitrolic acids (28) with base [91 JCS(P2)249] and on treatment 
of substituted dinitromethane salts with dinitrogen tetroxide (92T6059). 



III. Mechanism 

The reactions of nitrile oxides with alkenes are 1,3-dipolar cycloaddi¬ 
tions and their mechanism has been the subject of numerous investigations. 
Apart from a one-step concerted mechanism (Scheme 14) (68JOC2291; 
76JOC403), stepwise mechanisms proceeding via a zwitterionic intermedi¬ 
ate (29) (71MI1) or via a diradical (30) (68JOC2285) have been proposed. 
Although there is no direct proof of any of these mechanistic possibilities, 
there is considerable evidence to suggest that the cyclic electron redistribu¬ 
tion is substantially concerted. The configuration of the alkene is retained 
in the cycloadduct (76JOC403) and the reaction thermodynamics exhibit 
moderate enthalpy of activation and strongly negative entropy of activa¬ 
tion, as expected for a concerted process. Solvent effects have been 



Scheme 14 
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(29) (.111) Oil 

observed for cycloaddition reactions but these are regarded incompatible 
with the concept of highly polar intermediates (91BCJ3079). Instead they 
are likely to reflect aggregation of the reactants in solvents in which they 
have only limited solubility. 

As mentioned above, the retention of configuration of the alkene in 
the cycloadduct is a compelling argument for the concerted mechanism 
(68JOC2291; 76JOC403) but this assumes that bond rotation in the putative 
diradical intermediate (30) is faster than cyclization (68JOC2285). In sup¬ 
port of this assumption, Houk et al. (85JA7227) examined the stereoselec¬ 
tivity of the reactions of cis- and trans- 1,2-dideuterioethylene with p- 
nitrobenzonitrile oxide. They calculated that the activation energy for 
isomerization of the diradical (31) would have to be 2.3 kcal mol -1 higher 
than that for cyclization, which is contrary to expectation that the activa¬ 
tion barrier for isomerization of the radical would be < 0.4 kcal mol' 1 —the 
cycloaddition would have a negative activation energy! There is evidence 



Scheme 15 
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to suggest, however, that the concerted process may be asynchronous 
[63AG(E)633; 90JOC4603], and a slower stepwise mechanism cannot be 
precluded (85JA7227). Diradical intermediates could account for the for¬ 
mation of oximes as by-products in some cycloaddition reactions (Scheme 
15) (89JOC5012; 90JOC4603). 


IV. Reactivity 

Cycloaddition rates range over several orders of magnitude and to pre¬ 
dict the likely success of a reaction, when alternative reaction pathways 
such as nitrile oxide dimerization are possible, it is necessary to understand 
the reactivity of the system. 

The Sustmann frontier molecular orbital (FMO) theory (71TL2717; 
74PAC569) has continued to be the basis used to rationalize reactivity 
(84JHC1397; 85JOC1278, 85MI1; 86JHC1539; 89JHC553; 90CCC2481; 
91JHC605, 91M821). According to this model cycloadditions can be di¬ 
vided into three categories (Fig. 1), as follows: 

Type I: The cycloaddition involves interaction between the highest 
occupied molecular orbital (HOMO) of the nitrile oxide and the lowest 
unoccupied molecular orbital (LUMO) of the olefin. 

Type II: The reaction involves both the interaction between the HOMO 
of the nitrile oxide and the LUMO of the olefin and between the LUMO 
of the nitrile oxide and the HOMO of the olefin. 

Type III: This is the opposite to Type I and involves interaction between 
the LUMO of the nitrile oxide and the HOMO of the olefin. 

In each reaction category the reactivity is inversely proportional to the 
difference in energy between the interacting orbitals (69BCJ3399; 
70FCF85). Electron-donating substituents raise the olefin’s FMO energies, 


Dipole Olefin Dipole 


Olefin 



Type I Type II Type III 

Fig. 1. Sustmann classification of the FMOs for the interaction of nitrile oxides with 



272 


CHRISTOPHER J. EASTON ei al. 


[Sec. IV 


decreasing the reactivity in Type I systems and increasing the reactivity 
in Type III systems. Conversely, electron-withdrawing substituents lower 
the olefin’s FMO energies, increasing the reactivity in Type I systems 
and decreasing the reactivity in Type III systems. The effect of olefin 
substituents on Type II systems depends on which orbital interaction 
becomes dominant by substitution. With substituents of opposite types, 
each moderates the effect of the other. Conjugating substituents raise an 
olefin’s HOMO and lower its LUMO, increasing the reactivity of Type 
I, Type II, and Type III systems. Accordingly, a carbonyl group increases 
the reactivity of an olefin. The effect of substituents on the nitrile oxide 
can be rationalized in a similar manner. Electron-donating substituents 
favor Type I reactivity, whereas electron-acceptor substituents increase 
the reactivity of Type III systems. Consequently Type III cycloaddition 
is favored with benzenesulfonyl and acyl nitrile oxides. The relative ease 
of dimerization of nitrile oxides is often used as a competitive standard 
to compare the reactivity of alkenes [84JCR(S)36, 84JCR(S)362, 
84JHC1397] but this argument is simplistic, as it ignores the effect of the 
FMO energies of the nitrile oxides on reactivity (84BCJ1643). The utility of 
the Sustmann classification is widespread, particularly because substituent 
effects on FMO energies can often be estimated without the need for 
precise calculations. 

Steric affects are not accommodated by the Sustmann classification. 
The steric effect of a single alkyl substituent on an alkene decreases 
reactivity, while the rate-enhancing effect of a conjugating substituent is 
greater than the retarding steric effect. The steric effect becomes dominant 
with more highly substituted olefins. With disubstituted alkenes the reac¬ 
tivity is generally retarded, more so with 1,2- than 1,1-disubstitution, 
although the electronic effects of both substituents still affect reactivity, 
frans-disubstituted alkenes are generally more reactive than the corre¬ 
sponding m-isomers, presumably as a result of the greater steric compres¬ 
sion of the m-substituents during the cycloaddition [63 AG(E)633]. Trisub- 
stituted alkenes are even less reactive and steric effects dominate. Nitrile 
oxide dimerization is a particular problem in reactions of nitrile oxides with 
unreactive alkenes, such as unactivated di- and tri-substituted alkenes. 

The degree of strain in cyclic olefins (62T3) and their ease of deformation 
to form cycloaddition transition states (80JA3951; 8IJA2436, 81JA2438) 
also affect reactivity. Thus, for example, cyclopropenes (73TL1139; 
74ZOR1669; 81S322; 90ZOR102), cyclobutenes [74JCS(P1)137; 76CC246; 
85JOC1278], methylenecyclopropane (85CC1518), norbornene (62T3; 
73LA2038), and benzvalene (86CB950) are highly reactive dipolarophiles. 
As expected, aromatic compounds such as benzene and napthalene do 
not react with nitrile oxides (84MI1), due to the loss of resonance energy 





Sec. V] 


REACTIONS OF NITRILE OXIDES WITH ALKENES 


273 


that would accompany cycloaddition. Heteroaromatics undergo cycload¬ 
dition but at much reduced rates compared to those of their nonaromatic 
analogues. Accordingly, furan and thiophene are much less reactive than 
2,3-dihydrofuran and 2,3-dihydrothiophene, respectively (84T441). 

With 1-phenylsulfinyl- (85SC663), 1-fluoro- (90T7991), and 1,1-difluoro- 
substituted allenes (85MI1; 90T7991), the least substituted double bond 
reacts selectively. However, the <*,/3-bond of a nitrogen-substituted allene 
is the more reactive, presumably as a result of activation of that bond 
by the electron-donating substituent [90JCS(P 1)533; 91 JCS(Pl) 1843]. 1,3- 
Dienes follow the general trends, with the less substituted double bond 
reacting selectively [85T5569; 91JCS(P1)765; 92T6059], except in the case 
of some alkoxy-substituted dienes (88ZOR944) where the activating elec¬ 
tronic effect of the alkoxy substituent balances the deactivating steric 
effect. With 1,2,3-trienes the terminal double bonds react selectively 
(86CB563). 

As mentioned above, solvent effects have been observed for cycload¬ 
dition processes. Reactions of aryl nitrile oxides with substituted 
p-benzoquinones exhibited a 14-fold rate enhancement in water/ethanol 
(40:60) when compared with chloroform (91BCJ3079), presumably as a 
result of reactant aggregation in the water/ethanol mixture. Hydrogen 
bonding between nitrile oxides and hydroxyl- and amino-substituted al- 
kenes increases reactivity, as does metal chelation of nitrile oxides and 
alkenes (92TL1357; 93TL4011). It has also been reported that cycloaddi¬ 
tion reactions can be accelerated significantly by the use of ultrasound 
(91TL4171) and are catalyzed by baker’s yeast (90TL899). The rates of 
reactions of nitrile oxides with alkenes are decreased by adding Lewis 
acids, presumably because the nitrile oxides are good Lewis bases and 
complexation effectively inhibits cycloaddition (87JOC2137). 


V. Regioselectivity 

With unsymmetrical olefins, the direction of addition of the nitrile oxide 
must be considered. Monosubstituted alkenes afford 5-substituted isoxa- 
zolines almost exclusively, regardless of the electron-withdrawing or 
-donating nature of the substituent. This trend was studied by Martin and 
Dupre (83TL1337) and is illustrated by numerous examples [86CL183; 
87JHC701, 87S998; 88KGS1034; 89JHC255, 89JOC3073, 89SC2237, 
89ZOR1901; 90CCC2481,90CJC1271,90JHC557,90JOC283, 90KGS1250, 
90MI2, 90T1975; 91ACS736, 91BCJ375, 91JCS(P 1)2801, 91JOC1812, 
91MI2, 91TL683, 91TL4171; 92CC939, 92TL6811; 93TL2831, 93TL3169], 
In the majority of cases with 1,1-disubstituted and trisubstituted olefins, 
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the oxygen of the nitrile oxide becomes attached to the more sterically 
hindered end of the double bond [84JHC1121; 85JOC903, 85JOC1278; 
86LA1863; 87H755; 89CC986; 89JOC5585, 89JOC5883, 89TL1477; 
90JCR(S)202, 90JHC2097, 90JOC3045, 90JOC4603, 90JOC4732, 

90LA1097, 90ZOR1274; 91JCR(S)81, 91JHC605, 91JHC1945, 91M821; 
92BCJ2484, 92H(34)1703, 92JIC282; 92LA591, 92T6059, 92TL4879]. 

A mixture of regioisomers is usually obtained with 1,2-disubstituted 
alkenes and where they are reactive, tetrasubstituted alkenes, although 
electron-donating amino (86BCJ3631; 89JOC5585; 90JHC1931), alkoxy 
(84T441), and alkylthiyl (84T441) substituents tend to orientate the 
cycloaddition such that they are at the 5-position in the cycloadducts. 
Consistent with this trend, indole and its ^-substituted derivatives react 
mainly as shown in Scheme 16 but electron-withdrawing substituents on 
the indole nitrogen reduce the regioselectivity of the cycloaddition, pre¬ 
sumably as a result of reduced polarization of the double bond 
[84JCR(S)36]. Acyl (85TL4105; 86CL1925, 86JHC1681; 87CCC1315; 
91BCJ3274, 91M165; 92T8053) and sulfinyl (91TL3699) substituents direct 
the oxygen of the nitrile oxide such that they are at the 4-position of the 
cycloadduct. The combined effects of the alkoxy and acyl substituents 
resulted in the highly regioselective addition of nitrile oxides to the 1,2- 
disubstituted alkene (32) (Scheme 17) (91JHC429), while the substituents 
of the uracil (33) acted in a similar manner (Scheme 18) (92JOC1088). 
Reaction of benzonitrile oxide (3) with the allylic alcohol (34) in the pres¬ 
ence of n-butoxymagnesium bromide, to give the isoxazolines (35) and 
(36) (Scheme 19) in the ratio 99:1, can be attributed to metal chelation 
in the transition state (Fig. 2) (92TL1357) and indicates the potential 
of this approach in the control of regioselectivity of cycloadditions. 
/3-Cyclodextrin was also used to control the regioselectivity of cycloaddi¬ 
tions (90TL899; 92PAC1141). 

The reaction of (37) with (38) to give (39) (Scheme 20) in high yield is 
a good example of exploitation of alkene reactivity and regioselectivity 
in synthesis (88TL1307). Only the monosubstituted double bond reacts, 
with the nitrile oxide oxygen adding to the most hindered end of that 
double bond. The regioselectivity of nitrile oxide cycloadditions with dipo- 
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(35) (36) 

Scheme 19 


larophiles such as methylenecyclopropane (85CC1518; 86CC813; 
88JOC2426; 92JOC4206, 92T3323; 93MI1), analogues with electron-with- 
drawing substituents on the methylene group (87TL3845) or with ring 
substituents (88JOC2426; 91CB1619; 92JOC4206), and methylenecyclobu- 
tane and its derivatives (92T5283) is consistent with the guidelines outlined 
above, but alkylidene and arylidene cyclopropanes show an unexplained 
tendency for the cyclopropyl substituent to be at C-4 in the product isoxa- 
zoline (87TL3845; 92T3323; 93MI1). In other rare cases the nitrile oxide 



Fig. 2. Metal chelation in the transition state of the cycloaddition of benzonitrile oxide 
(3) with (E)-2-butenol. 



276 


CHRISTOPHER J. EASTON et al. 


[Sec. V 



(39) 

Scheme 20 


oxygen bonds to the less hindered carbon of the alkene. Apparently this 
was the case in reactions of the ketones (40) (Scheme 21) (86JIC1002). 
The regioselective reaction of the oxazolone (41) (Scheme 22) (92JHC251) 
can be attributed to the dominance of electronic factors over steric effects. 

With 1-phenylsulfinylallene, the residual double bond is found mainly at 
the 5-position in the cycloadduct (85SC663), whereas nitrogen-substituted 
allenes afford mainly 4-methylene-substituted isoxazolines [90JCS(P 1)533; 
91JCS(P1)1843]. The regioselectivity of addition to 1-fluoro- and 1,1- 
difluoro-allene depends on the nitrile oxide and is thought to reflect the 



(40) 

Scheme 21 



(41) 


Scheme 22 
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extent of electrostatic repulsion between the reactants (85MI1; 90T7991). 
The nitrile oxide oxygen reacts at C-2 of 1,3-butadienes [85T5569; 
88ZOR944; 91 JCS(PI)765] and at C-l and C-4 of tetrasubstituted 1,2,3- 
trienes (86CB563). 


VI. Stereoselectivity 

Aspects of the stereoselectivity of nitrile oxide cycloaddition reactions 
have been reviewed (89G253). The most obvious stereochemical conse¬ 
quence of the cycloaddition is that the configuration of the alkene is 
retained in the product isoxazoline and this feature continues to be ex¬ 
ploited in asymmetric synthesis. For example, the dehydrophenylalanine 
derivatives (42) gave the corresponding isoxazolines (43), stereospecifi- 
cally (Scheme 23) (91JHC1945). 

When the faces of the alkene are nonequivalent, reactions often display 
considerable diastereoselectivity. This is particularly apparent in cyclic 
systems (88CC1339; 89JOC2209; 90BCJ3300; 92T8053). The stereoselec¬ 
tivity is highly sensitive to steric factors, as illustrated in the nn/i'-addition 
of nitrile oxides to 5-alkoxy- and 5-acyloxy-2(5f/)-furanones (Scheme 24) 
(87CCC1315; 91M165). In contrast, the hydroxyfuranone (44a) and the 
corresponding lactam (44b) gave approximately equal quantities of the 
products of syn- and a/m'-addition (Scheme 25) (87CCC1315). Since there 
was no interconversion of the isomers of the cycloadducts under the 
reaction conditions, the stereoselectivity must occur in the cycloaddition 
and presumably results from a balance of hydrogen bonding, between 
benzonitrile oxide (3) and the alkenes (44), and steric interactions. Similar 
effects have been observed in reactions of 3-substituted cyclopentenes, 
where nitrile oxides generally add to the anti face (75TL3543; 78JA105). 
Hydrogen bonding between the nitrile oxide and the alkene can also out¬ 
weigh these steric effects, however, such that 3-hydroxycyclopentene 
(74TL229) and, to a greater extent, the cyclopentenyl amides (45) react 



(43) 


R 1 = H, R 2 = Ph 
or R 1 = Ph, R 2 = H 


Scheme 23 
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R = alkyl or acyl 
Scheme 24 

by syn addition (Scheme 26) with a high degree of regioselectivity 
(90JOC3710). 

2-substituted methylenecyclopropanes react by anti-addition with a high 
degree of stereoselectivity (Scheme 27) (88JOC2426, 88JOC2430; 
90JOC1762; 93M11), but analogous methylenecyclobutanes show little 
diastereoselectivity in their reactions (92T5283). This can be attributed to 
the greater flexibility of the cyclobutane ring, which can adopt a conforma¬ 
tion where there are minimal steric interactions between the substituent 
and the incoming nitrile oxide. 

The diastereoselectivity is generally less with acyclic than cyclic al- 
kenes. A number of groups have reported modestly diastereoselective 
nitrile oxide cycloadditions to chiral allyl ethers and alcohols (Scheme 28) 
[74JCS(P1)137, 74TL229; 76CC246; 78JA105; 81JCS(P1)3048; 82JA5788, 
82TL4563; 83T2247, 83TL5501; 84JOC4674]. Reactions slightly favor the 
syn isomer for allyl alcohols (R 1 = H) and, to a greater extent, the anti 
isomer for allyl ethers (R 1 = alkyl, aryl). Houk et al. (84JA3880) combined 
experimental results and theoretical studies to rationalize this stereoselec¬ 
tivity in terms of a preferred conformation of the transition state (Fig. 3), 
in which alkyl substituents at the chiral center prefer the sterically less 
crowded “anti” conformation, an allylic hydroxyl group prefers the “out¬ 
side” position to maximize hydrogen bonding with the nitrile oxide oxy¬ 
gen, and an ether prefers the “inside” conformation, due to secondary 
orbital interactions. This concept has been subsequently referred to as 



(44) 

a) X = O 

b) X = NH 


Scheme 25 
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Scheme 28 

the “inside alkoxy” effect. In later studies where the groups attached to 
the stereogenic centre varied only in size (Scheme 29), it was determined 
that the largest group (L) assumed the “anti" position, the medium-sized 
group (M) the “inside” position, and the smallest group (S) the “outside” 
position, as a result of steric interactions (86JA2754). It follows that the 





Fig. 3. Houk's “inside alkoxy” model for the reaction of nitrile oxides with chiral 
allylic alcohols and ethers. 
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major 
Scheme 29 


“inside alkoxy” effect is a combination of steric repulsion and secondary 
orbital interactions (86JA2754). 

Houk’s model has been used to account for diastereoselectivity ob¬ 
served in nitrile oxide cycloadditions with the (a-oxyallyl)silanes (46) 
(88T3945). The direction and magnitude of asymmetric induction was 



(46) 

found to depend on the allylic oxygen substituent. It was found that a 
free hydroxy substituent provided a modest excess of the syn diastereo- 
mer, silyl ethers showed modest to good selectivity for the anti diastereo- 
mer, and various acyl derivatives showed low diastereoselectivity. The 
diastereoselectivity observed in reactions of un saturated sugars (Scheme 
30) (89JOC793; 91CCC132, 91MI2; 93TL2831) has also been rationalized 
in terms of the “inside alkoxy” effect (89JOC793). Interestingly, the syn 
selectivity in reactions of chiral ally] alcohols with nitrile oxides was 
increased through metal chelation of the reactants (91TL6367). Reactions 
of chiral ally] ethers (47) derived from l,l-dithio-3-buten-2-ols displayed 
consistently high (>10:1) diastereoselectivity (Scheme 31), presumably 
as a result of the “inside alkoxy” effect and steric interactions associated 
with the bulky dithioacetal moiety (88T4645). 
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r'o r'o 



(47) major minor 

Scheme 31 

Diastereoselective reactions of the dioxolanes (48) have been reported 
by several groups (84ACR410, 84JOC2762, 84T2199; 85JOC778; 90S556, 
90T1975; 92JOC2825). For example, the dioxolane (48b) gave the adducts 
(49b) and (50b) in the ratio 4:1 (Scheme 32) (84JOC2762). The diastereosel- 
ectivity has been rationalized in terms of the Felkin-Anh (80M11; 
82JA1106; 83TL2231) transition state model, as illustrated in Fig. 4 
(84JOC2762), but the results are also consistent with Houk’s model. Reac¬ 
tions of the silyl ether (51) (Scheme 33) have also been discussed 
(84JOC2762) in terms of the Felkin-Anh model but are better accommo¬ 
dated using the "inside alkoxy” theory. 

Encouraged by the stereoselectivity observed in nitrile oxide cycloaddi¬ 
tions to the dioxolanes (48), Wade et al. (84T601) studied reactions of 



(48) (49) (50) 

a) R=-ICH 1 t 3 

b) R = Me 

Scheme 32 



(a) (b) 

Fio. 4. Houk’s transition state model (a) and the Felkin-Ahn transition state 
for the reaction of the dioxolane (48) with nitrile oxides. 


model (b) 
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(51) 3 : 1 

Scheme 33 


derivatives of vinylglycine (52a) but the diastereoselectivity was generally 
poor, ranging from 0 to 40% diastereomeric excess. Similar results were 
reported by Fushiya et al. (87CL2229), for reaction of the vinylglycine 
derivative (52b) with acetonitrile oxide, whereas the cyclic vinylglycine 
derivative (53) gave mainly the diastereomer (54) on treatment with nitrile 
oxides (Scheme 34) (92MI1). Hailing et al. (91ACS736) reported little 
stereoselectivity in the cycloaddition of chloronitrile oxide to the N- 
allyltrichloroacetamides (55). Curran and Kim (86S312) observed that 
cycloaddition of benzonitrile oxide (3) with the (a-methylallyl)silane (56) 
also occurred with only poor selectivity (Scheme 35). Methylphenylvinyl- 
phosphine oxide (57) gave cycloadducts with approximately 40% diaste¬ 
reomeric excess (Scheme 36) (89JOC3073). The diphenylphosphine oxide 
(58) reacted with nitrile oxides to give mainly the anh'-cycloadducts (59) 
(Scheme 37), consistent with Houk’s transition state model (91TL4171). 
Recently, (5)-l-(2-naphthyl)ethyl vinyl ether was shown to react with 
nitrile oxides with a modest degree of diastereoselectivity [93JCS 
(Pl)1277]. 


^X CC 


(52) 

a) R 1 = R 2 = H 

b) R 1 = Me, R 2 = OCOPh 




(55) 

. = CH(Me)Et 
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Me 




(53) 


(54) 

major 

Scheme 34 






(56) 1-5=1 

Scheme 35 



(57) major 

Scheme 36 



(58) (59) 

Scheme 37 


Reactions of vinylisoxazolines have also been studied. In reactions of 
1.3-butadiene (60) with nitrile oxides, the erythro adducts (62) were formed 
in preference to the corresponding threo isomers (63) (Scheme 38) 
(83T2247; 85T5569), the isomer ratios ranging from 2.7: 1 to 6.7: 1. The 
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(62) (63) 

Scheme 38 

isomer ratios reflect the diastereoselectivity of nitrile oxide addition to 
the 5-vinylisoxazolines (61). The 3-vinylisoxazolines (64) gave the cycload¬ 
ducts (65) and (66) with diastereomeric excesses ranging from 10 to 45% 
(Scheme 39) (90JOC3045). 

The 4-vinyloxazoline (67) and the 4-vinyloxazolidine (70) gave mixtures 
of the isoxazolines (68) and (69), and (71) and (72), respectively, in which 
the erythro products (69) and (72) were formed in 32-64% diastereomeric 
excess (Schemes 40 and 41) (93TL3169). The results were interpreted by 
analogy with the “inside alkoxy” effect. Reactions of the acyclic analogue 
(73) were less stereoselective and favored the threo cycloadducts (74). 
The reversed selectivity was attributed to hydrogen bonding between the 
oxygen of the nitrile oxide and the hydroxy substituent of the alkene (73) 
(93TL3169). 

Whereas the studies described above involve reactions of chiral alkenes 
with achiral nitrile oxides, the stereoselectivity of reactions of chiral nitrile 
oxides has also been studied. The nitrile oxide (75) reacted with ci's-but- 



(64) (65) (66) 


Scheme 39 
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(70) (71) (72) 

Scheme 41 

2-ene (76) to give a 2.9:1 mixture of the isoxazolines (77) and (78) (Scheme 
42) (83CC1460). lran.y-But-2-ene and cyclopentene also reacted stereose- 
lectively but styrene (80) and vinylcyclohexane did not, indicating that 
stereocontrol derives from the interaction between the chiral auxiliary 
and the substituent at C4 of the developing isoxazoline. By a similar 
argument, the low stereoselectivity reported for the reaction of the chiral 
oxazoline (79) with styrene (80) (Scheme 43) is not surprising (93TL3169). 
The dioxolanes (81) reacted with dimethyl maleate and cyclopentene with 
modest diastereoselectivity but reactions with styrene and dimethyl fumar- 
ate gave equal mixtures of diastereomeric cycloadducts (84T177). The 
bislactim ether (82) reacted with alkenes without stereocontrol (92T5607). 



(73) (74) 


The homochiral nitrile oxide (83) reacted with the chiral dioxolane ( R )- 
(48b) to give the cycloadducts (84) and (85) as a 4: 1 mixture (Scheme 
44). The degree of diastereoselectivity was similar to that observed in 
reactions of the dioxolanes (48) with achiral nitrile oxides, indicating that 
the chirality of the nitrile oxide (83) had little effect on the stereochemical 
course of the reaction (84JOC2762). A similar conclusion was reached to 
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OMe OMe 


(77) (78) 

Scheme 42 

explain the diastereoselectivity in the synthesis of the isoxazolines (87) 
(Scheme 45), as the reaction of the nitrile oxide (86) with butyl allyl ether 
was much less stereoselective (87TL3189). The dioxolane (88) has been 
used in the synthesis of sugars (Scheme 46), but again the diastereocontrol 
most likely derives from the dipolarophile (89) (9ICC132, 91MI2; 
93TL2831). 

The approach of using chiral auxiliaries to control stereoselectivity has 
been investigated by a number of groups. Curran et al. (89JA9238) noted 
that development of chiral auxiliaries in these systems is a particular 



Scheme 43 
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challenge because the geometry of the transition state limits their effects. 
Although asymmetric induction can be enhanced in other cycloaddition 
reactions by using Lewis acid catalysts, this option is not available in 
nitrile oxide cycloadditions because the nitrile oxides act as Lewis bases. 

Reactions of p-nitrobenzonitrile oxide with the menthyl acrylate (90a), 
the corresponding menthyl ally! ether (90b), and the acrylate (91) gave 
adducts with less than 10% diastereoselectivity (84TL2191; 87JOC2137). 
Reactions of the sulfonamides (92) were more stereoselective and that of 
the dicyclohexyl derivative (92b) with benzonitrile oxide (3) gave the 
diastereomers (93b) and (94b) (Scheme 47) in a ratio of ca. 4:1 
(87JOC2137). The bornyl crotonates (95a) gave only fra/i,s-4,5-substituted 
cycloadducts and mainly the regioisomers (96a) (Scheme 48) with diaste- 


+ .6 



Me Me 


(84) (85) 
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(87) 

R = Si(Me) 2 CMe J 

Scheme 45 

reomeric excesses ranging from 5% (R 1 = naphthyl, R 3 = Ph) to 54% 
(R 1 = Ph, R 3 = Me) (88JOC2468). The stereoselectivity of formation of 
the minor regioisomers (97a) was generally greater and ranged from 1 2% 
(R 1 = H, R 3 = Ph) to 80% (R 1 = naphthyl, R 3 = Ph). The bornyl 
acrylates (95b) reacted regioselectively, as expected, with a degree of 
stereoselectivity similar to that for the reactions of the crotonates (95a) 
(90T2473). The esters (96) and (97) were easily cleaved and the chiral 
auxiliaries retrieved. 

Acryloyl esters bearing c/uro-inositol derivatives as chiral auxiliaries 
reacted with a consistently high degree of stereoselectivity (92TL5763). 
For example, the Ie/7-butyldiphenylsilylether (98) reacted with benzoni- 
trile oxide (3) to give the cycloadduct (99) in 90% diastereomeric excess 
(Scheme 49). The stereochemical outcome of the reaction indicates si- 
face attack to the s-cis conformer of the acrylate (98). The chiral auxiliary 
was recovered after treatment of the isoxazoline (99) with L-Selectride. 

Reactions of the Oppolzer’s chiral sultam derivative (100a) with nitrile 
oxides showed considerable diastereoselectivity [88TL3555; 90JOC4585; 
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R = 

Scheme 46 

91 JCS(P1)2627; 92TL6811]. For example, the cycloadduct (101a) was ob¬ 
tained in 90% diastereomeric excess (Scheme 50) (88TL3555). The stereo¬ 
selectivity is consistent with reaction of /E77-butyInitrile oxide with the 
s-cis conformation of the sultam (100a). The a-methacryloyl sultam (100b) 
was less reactive than the acrylamide (100a) and its reactions showed 
less stereoselectivity, whereas reactions of the crotonyl sultam (100c) 
displayed stereoselectivity analogous to that of the acrylamide (100a), but 
afforded mixtures of regioisomers (90JOC4585). The greater selectivity in 
the reactions of the sultam (100a) compared to that for reactions of esters 







(92) 

(3) 


Me 



SOjNRj 



SOjNR^ 


(93) 


(94) 


a) R = CHMe 2 

b) R = cyclohexyl 

Scheme 47 



(96) 


(97) 


a) R 2 = Me 

b) R 2 = H 


Scheme 48 
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a) R 1 = R 2 = H 

b) R 1 = Me, R 2 = H 

c) R 1 = H, R 2 = Me 


Scheme 50 
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described above is consistent with a greater conformational preference of 
the sultam (100a) (88TL3555). Oppolzer et al. (91TL4893) reported the 
synthesis of the acryloyl sultam (102) and its enantiomer. Their reactions 
with nitrile oxides proceeded stereoselectively, with the ratios of diaste- 
reomeric products ranging from 95 :5 to 98:2. 



(102) 


Even greater stereoselectivity was obtained using derivatives of Kemp’s 
triacid (81JOC5140) as chiral auxiliaries. Accordingly the chiral acrylimide 
(103) gave the corresponding isoxazoline (104) (Scheme 51) in greater than 
98% diastereomeric excess (89JA9238; 93T995). A diastereomer of the 
imide (103) was used to reverse the stereocontrol (89JA9238; 93T995). 
The A-acryloylproline derivative (105) reacted with nitrile oxides to give 
isoxazolines in diastereomeric ratios of ca. 3: 1 (90LA1013). The chiral 
auxiliaries of the bis-proline derivative (106) displayed synergistic ster¬ 
eocontrol and gave 9: 1 mixtures of diastereomers of cycloadducts 
(90LA1013). 

The imidazolines (107) and (108) reacted with nitrile oxides with modest 
to high stereoselectivity, but low regioselectivity (91BCJ3274). Diastereo- 
selective reactions of the oxazolidines (109) and the imidazoline (110) have 
also been reported (91BCJ3274,91TA1185). As a representative example, 
the imidazoline (110) reacted with benzonitrile oxide (3) at room tempera¬ 
ture to give the adducts (111) and (112) in the ratio 4:1. After separation 



(103) (104 > 


Scheme 51 




(113) 


(114) 
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and reduction with lithium triethylborohydride, the adduct ( 111 ) gave the 
homochiral alcohol (113), while the diastereomer (112) gave the corre¬ 
sponding racemate (114) (Scheme 52). 

Another method used in the diastereoselective synthesis of isoxazo- 
lines involved reactions of the iron complexed trienes (115) with nitrile 
oxides to give the cycloadducts (116) and (117) in a ratio of ca. 9:1 
(Scheme 53) (89TL6517). There have been reports on the use of baker’s 
yeast in the enantioselective synthesis of isoxazolines from 4-vinylpyridine 
and arylnitrile oxides, and of the enhancement of that selectivity using 
/3-cyclodextrin (90TL3201; 92PAC1141). 

Stereocontrolled modification of isoxazolines provides an alternative to 
their stereoselective synthesis. For example, alkylation of 5-substituted 
isoxazolines afforded only the trans-4, 5-substituted isomers (Scheme 54) 
(84JOC2762). Conceptually these isoxazolines are accessible from trans- 
1,2-disubstituted alkenes but reactions of that type are complicated by a 
lack of regioselectivity. Alkylation of 3,4,5-substituted isoxazolines oc¬ 
curred on the 3-substituent with a high degree of regioselectivity 
(84JOC2762) and modest to good stereoselectivity (87JA3036; 90SC3575, 
90T7325), as illustrated in reactions of the 3-ethyl-substituted isoxazoline 
(118) where the electrophile added opposite the 4-substituent (Scheme 
55). Hydroxylation of the isoxazoline (119) gave only the alcohol (120) 
(Scheme 56) (90S556). 

Reactions of the 5-acylisoxazolines (121) with L-Selectride were highly 
stereoselective and gave mainly the jy«-5-(a-hydroxyethyl)isoxazo- 
lines (122) (Scheme 57) [91 JCS(P 1 )2613]. Yeast reduction of racemic 
5-acetylisoxazolines gave the diastereomeric alcohols (123) and (124), each 



Scheme 54 
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Scheme 55 



Scheme 57 


in 97-98% enantiomeric excess (88TL6167; 89LA1257). With Grignard 
reagents, 5-acyl- and 5-formyl-isoxazolines reacted stereoselectively, ac¬ 
cording to a conformation determined by metal chelation for the former 
(Fig. 5) and a Felkin-Anh model in the latter (Fig. 6) [91 JCS(P1 )2613]. 
This approach has been used in conjunction with the achiral synthesis of 



(123) 


(124) 


(125) 
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R 1 



R 3 MgX 


Fig. 5. Metal chelation in Grignard addition to 5-acyl-2-isoxazolines. 

isoxazolines from the sultam (100a), to obtain the alcohol (125) as a single 
enantiomer [91 JCS(P1)2627]. 

Oxidation of the furoisoxazolines (127) with m-chloroperbenzoic acid 
in methanol to give the hydroxyethers (128) and with osmium tetroxide 
to give the diols (126) (Scheme 58) proceeded, in each case, with a high 
degree of diastereoselectivity (85T3519). Similar reactions have been re¬ 
ported with 3-vinylisoxazolines (85T5569; 90JOC3045). Esterases have 
been used to resolve isoxazolines. Modest discrimination between the 
enantiomers of the ester (129) was accomplished using pig liver esterase 
(90LA1013). The alcohol (130) was prepared in >90% enantiomeric excess 
through lipase-PS-catalyzed hydrolysis of butyl esters (92JOC2825). 


VII. Uses of Isoxazolines 

Isoxazolines have attracted interest in their own right. (R,S)~ 4,5- 
Dihydromuscimol (132) is a potent GABA agonist (79MI1) and has been 
obtained through cycloaddition of bromonitrile oxide (9) with W-BOC- 
allylamine (131) (Scheme 59) (86TL4651; 90T1975). The individual enanti¬ 
omers of the isoxazoline (132) were synthesized via reaction of bromoni¬ 
trile oxide (9) with the dioxolane (7?)-(48b) and separation of the diastereo- 
meric products (90T1975). The structurally similar isoxazoline (133) was 



Fig. 6. Felkin-Ahn model for Grignard addition to 5-formyI-2-isoxazolines. 
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(126) (127) (128) 

Scheme 58 

shown to be void of GABAergic activity (85JMC1109). The isoxazolines 
(134) display antifungal activity (91CCC1315, 91MI3). Others were investi¬ 
gated as antibiotics (90MI2), chemotherapeutic agents (91JOC1812), and 
peptide surrogates (92TL6811) and as analogues of prostaglandins 
(87MI1), steroids (90ZOR1274), and cocaine (91MI4), whereas the isoxa- 
zoline (135) is of interest in boron neutron capture therapy (92CC939). 



Much of the interest in isoxazolines stems from their use in the synthesis 
of other compounds. Work in this area has been reviewed (84ACR410; 
84MI1; 90H719). Compound types previously obtained from isoxazolines 
(Scheme 60) continue to be accessed in this manner. Accordingly, synthe¬ 
ses of y-amino alcohols (85CL1047, 85SC663; 89SC2237), ^-hydroxy ke¬ 
tones [84JOC3474; 85TL4047; 86MI2; 87TL3189; 88ACS(B)303, 
88BCJ2133, 88BCJ3973, 88KGS972, 88TL1307; 89BCJ171; 90JHC557; 
91IZV969, 91TL683], <*,/3-unsaturated ketones (85SC663; 88TL2051) and 
/3-hydroxy nitriles (90JOC3045), acids (84JOC3474), and esters 
(84JOC3474) have been reported. 

Steinmeyer and Neef (92TL4879) have used nitrile oxide cycloaddition, 
followed by ring-opening of the cycloadduct (138), to give the 
/8-hydroxy ketone (139), and subsequent retroaldol cleavage to the ketone 



(131) (132) 


Scheme 59 
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(135) 

(137), to accomplish selective oxidation of the exocyclic methylene in the 
triene (136) (Scheme 61). The selectivity of this process is determined by 
the relative reactivity of alkenes toward cycloaddition with nitrile oxides. 



Scheme 60 
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(138) (139) 

Scheme 61 


Cycloaddition of the nucleosides (140) followed by spontaneous ring¬ 
opening of the cycloadducts (141) gave the a,/3-unsaturated oximes (142) 
(Scheme 62) (92JOC1088). 

Much of the more recent work using isoxazolines involves ste- 
reocontrolled synthesis. Kozikowski and Ghosh (84JOC2762) used 
nitrile oxide cycloaddition to prepare the /3-hydroxyester (143) and the 
/3-hydroxyketone (145) from the dioxolane (S)-(48b) (Schemes 63 and 64). 
The ester (143) and ketone (145) are masked triols, suitable for use in the 
synthesis of sugars, as shown through the elaboration of the ester (143) 




Sugar 


(140) 


(141) 

Scheme 62 


(142) 
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1) NaOH/EtOH 

2) H 3 0 + 

3) CH 2 N 2 



(144) 


(143) 

Scheme 63 


(S)-(48b) 


MeCNO 


Me 




Scheme 64 


(145) 


to 2-deoxy-D-ribose (144) (84JOC2762). Jager and Schohe (84T2199) used 
the dioxolane (S)-(48h) in the stereocontrolled synthesis of 7-amino alco¬ 
hols via isoxazolines (Scheme 65). The amino alcohols were then con¬ 
verted to amino sugars. Analogous elaboration of furoisoxazolines, cou¬ 
pled with stereoselective oxidation of the dihydrofuran ring, was used 
in the stereoselective synthesis of aminodeoxy furanosides (Scheme 66) 
(85T3519). Related syntheses involved a thiazole-substituted isoxazoline 
(88T3215) and stereocontrolled hydroxylation of the intermediate isoxazo¬ 
line, before elaboration to the y-amino alcohol (90S556). Stereoselective 
cycloaddition to the silyl ether (146) and alkylation of the cycloadduct 


Me 



O-N 



Scheme 65 
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Scheme 66 


(147) followed by reduction gave the masked a,]3',y'-trihydroxyketone 

(148) , which was used in the stereocontrolled synthesis of (±)-Blastmyci- 
none (149) (Scheme 67) (84JOC2762). 

Other stereocontrolled syntheses of y-amino alcohols [91JCS(P1)2627, 
91TL4171; 93TL2831], /3-hydroxy ketones [85JOC778; 86S312; 87CL2229, 
87JA3036; 88CC1339, 88TL6167; 89JOC2209; 90SC3575; 91CC132, 
91JCS(P1)2627; 92MI2; 93JOC2173, 93TL2831], 1,3-diols (88TL6167; 
91CC132; 93TL2831), and /3-hydroxy nitriles (86TL3099), acids 
(91ACS736), and esters (91ACS736), via isoxazolines, have also been 
reported. 

Elaboration of isoxazolines has been used in the synthesis of other 
heterocycles. Electrophilic cyclization reactions of 5-alkenyl-substituted 
isoxazolines (150) have been used in the synthesis of cyclic ethers (Scheme 
68) (87JA7577; 90JOC283). Hydrogenolysis and decarboxylation of the 



O Me 


(149) (148) 


Scheme 67 



302 


CHRISTOPHER J. EASTON et at. 


[Sec. VII 



O50i 

Scheme 68 


isoxazoline (151) gave the dihydropyridine derivative (152) (Scheme 69) 
(83JOC366; 89JOC5585). Reduction of 3-(/3-ketoalkyl)-substituted isoxa- 
zolines (153) has been used in the synthesis of pyridines (Scheme 70) 
(91BCJ375). Thermolysis of the isoxazolines (155), prepared by cy¬ 
cloaddition of nitrile oxides with methylenecyclopropane (154), affords 
5,6-dihydro-4-pyridone derivatives (156), presumably through initial 
homolysis of the nitrogen—oxygen bond of the isoxazolines (155) 
(Scheme 71) (85CC1518; 86CC813; 88JOC2426; 93MI1). The correspond¬ 
ing spirocyclobutylisoxazolines (157) afford azepin-4-ones (158) and 
A-alkenylpyrrolidin-2-ones (159) (Scheme 72) (86TL5271; 92T5283; 
93MI1). Photolytic cleavage of the nitrogen—oxygen bond in the isoxazo¬ 
lines (160) resulted in rearrangement to the azabicyclo[4.3.0]nonadienedi- 
carboxylates (161) (Scheme 73) (90CCC512). 

Although isoxazoles can be obtained by cycloaddition of nitrile oxides 
to alkynes (Scheme 74), they are also accessible via the corresponding 
isoxazolines. Dehydrogenation of isoxazolines has been carried out 



Scheme 70 
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using chromic acid (I896JPC405), potassium permanganate (60JOC 
1160; 79ZOR2436, 79ZOR2437), A-bromosuccinimide (65T817), Chlo- 
ranil (74T3765 ; 76TL3983), 2,3-dichloro-5,6-dicyanobenzoquinone 

[79JCR(S)311], y-active manganese dioxide (77S837; 78SC219), and air 
oxidation (74JCS(P1)1757; 83H2181; 93TL4281). Alternatively, isoxa- 
zolines have been constructed with leaving groups suitable for subse¬ 
quent elimination. Thus, chloro- (84BCJ1643), alkoxy- [84BCJ2216; 
88ACS(B)303; 91JHC429; 92JHC251], methylthiyl- [84JCR(S)402], amino- 
[84JHC949, 84JHC1121; 85JHC797; 88ACS(B)303], trimethylsilyloxy- 
(85CL1047, 85CL1049), bromo-(87BCJ2463), imino- (90JHC2097), thiobe- 
nzamido- (90LA1013), acyloxy- (85JOC903; 90CJC1271, 90ZOR1274), 
vinylsulfonyl- [91JCS(P1)2801], benzamido- (91JHC1945), tert- butyl- 
(92BCJ2484), and hydroxy-substituted [92H(34)1703] alkenes gave 
5-substituted isoxazolines, which reacted by elimination to give the cor¬ 
responding isoxazoles (Scheme 75). In unusual rearrangements, the 
spirocyclopropylisoxazoline (162) gave the isoxazole (163) on thermolysis 
(Scheme 76) (92T3323), and the cycloadducts (165) obtained from reaction 
of the allenes (164) with nitrile oxides underwent a Claisen-type re¬ 
arrangement to give the corresponding isomers (166) (Scheme 77) 
[91JCS(P1)1843]. The synthesis of isoxazoles via isoxazolines is particu¬ 
larly useful where the corresponding alkynes are inaccessible, as is the 
case, for example, with small ring systems, and positioning of the substitu¬ 
ent of the alkene can be used to control the regioselectivity of the cycload¬ 
dition. Accordingly, the bromocyclohexenones (167) and (169) gave the 
corresponding regioisomeric cycloadducts (168) and (170) (Schemes 78 
and 79) (94UP1). 



Scheme 75 



Scheme 76 
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VIII. Intramolecular Nitrile Oxide Cycloadditions 

Much of the recent work on nitrile oxide cycloaddition reactions with 
alkenes has involved intramolecular (INOC) processes. Whereas many 
aspects of the chemistry of INOC reactions are identical to those of 
the intermolecular analogues, others differ significantly as a result of the 
proximity of the reacting groups. Nitrile oxides are usually generated in 
similar fashion for use in intermolecular and intramolecular reactions; 
however, the predisposition of the alkene and the nitrile oxide within a 
molecule limits competing dimerization of the nitrile oxide in the latter 
case, with the result that less reactive alkenes undergo cycloaddition. 
Accordingly unactivated trisubstituted alkenes readily undergo INOC re¬ 
actions (85CC847; 86CC757; 87CC189). 

INOC reactions have been used in the synthesis of macrocycles (Scheme 
80) (84TL947; 85BCJ2145, 85T3511). In these examples cycloaddition oc¬ 
curs in the endo mode (Fig. 7) and the nitrile oxide oxygen adds to the 
substituted carbon of the terminal alkene, as is the case with intermolecular 
reactions of monosubstituted alkenes. With most INOC reactions the 
regioselectivity is determined by geometric constraints, however, and 
reaction occurs in the exo mode (Fig. 8). Accordingly, co-hexenyl 
[84ACR410, 84JOC2301; 85JA5310, 85TL2031; 87CC189, 87JA5280, 
87JOC4674, 87T2369, 87TL4097 ; 88JOC50, 88JOC5590, 88TL715, 
88TL4169; 89JA8954, 89JOC5277, 89T1517, 89TL5013; 90JOC5505, 
90TL743; 91CB1181, 91JOC896, 91JOC5281, 91T3869, 91TL4259, 
91TL5363; 93TL3017], heptenyl [84ACR410, 84JA1845, 84T2345; 
85CC847, 85JA5310; 85JOC1564, 85TL43; 86CC757,86TL1407; 87CC189, 
87CC529, 87JOC3541, 87JOC4674, 87TL4097 ; 88JOC50, 88S342, 
88TL715, 88TL4169; 89CC1093, 89JOC5277, 89TL5013; 90H597, 
90JCS(P1)2481, 90JOC5505 , 90TL743; 91CB1181, 91H1327, 91JOC896, 
91MI1, 91T3869, 91T6635 , 91T7537, 91TL3605, 91TL4259; 92H(33)73, 
92H(33)161, 92TL4589], octenyl (84ACR410; 87CC189, 87TL4097; 
88JOC50;91CB1181,91JOC896;92TL1059), anddecenyl (88CC198) nitrile 



Scheme 80 
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Fig. 7. The INOC reaction occurring in the endo mode. 

oxides give solely the products of exo cycloaddition, irrespective of the 
degree of substitution of the alkene or of heteroatoms or the degree of 
hybridization in the alkyl chain. The transition states of INOC reactions 
of w-hexenyl and heptenyl nitrile oxides have been modeled using a variety 
of methods (92JOC4862). Although there has been no systematic study 
of the geometrical constraints that result in exo cycloaddition and the 
minimum chain length required for the endo process, the cu-decenyl nitrile 
oxide (171) reacted solely in the exo mode (Scheme 8 1 ) (88CC198), whereas 
the w-dodecenyl nitrile oxide (172) reacted only by endo cycloaddition 
(Scheme 82) (85BCJ2145). Formation of the fused cyclooctane (173) in¬ 
stead of the cyclohexane (174) is consistent with the effect of bond polariza¬ 
tion to increase reactivity (Scheme 83) (84JA1845). 

As is the case with their intermolecular counterparts, the stereochemis¬ 
try of the alkene is retained in INOC reactions [84ACR410, 84T2345; 
85JA5310; 87JOC4674, 87T2369; 90JCS(P1)533; 91TL3605]; this is illus¬ 
trated in the reactions shown in Scheme 4 (85JA5310). The cyclic nitrile 
oxide (175) gave the tricyclic product (176) with complete control of stereo¬ 
chemistry at both new stereogenic centers (Scheme 84) (90H597). The 
latter reaction also involves face selectivity in the approach of the nitrile 
oxide to the alkene, which occurs commonly in the case of INOC reactions 
where the reactant is constrained by a preexisting ring (84ACR410, 
84JA1845, 84JOC2301; 85TL43, 85TL2031; 86TL1407; 87JA5280, 
87JOC3541; 89JOC5277, 89T1517; 91 MI 1,91TL3605; 93TL3017). Accord¬ 
ingly, the nitrile oxides (177), (179), and (181) gave only the isoxazolines 
(178) (85TL43), (180) (86TL1407), and (182) (91TL3605), respectively 
(Schemes 85-87). 



Fig. 8. The INOC reaction occurring in the 
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R = Si(Me) 2 CMe 3 
Scheme 87 

Annunziata et al. (87CC529, 87JOC4674, 87T2369) have examined the 
stereochemical outcome of INOC reactions where the alkene possesses 
a chiral allylic substituent remote from the nitrile oxide group. For exam¬ 
ple, the (£>alkene (183) gave an 86:14 mixture of the diastereomers 
(184) and (185) (Scheme 88), whereas the corresponding (Z)-alkene (186) 
afforded the cycloadducts (187) and (188) in the same ratio (Scheme 89) 
(87CC529, 87JOC4674). Theoretical calculations have been used to ratio- 
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nalize the stereoselectivity observed in reactions of this type (87JOC4674; 
92TL4409). The degree of stereoselectivity in these systems is quite vari¬ 
able, however, being negligible in the reaction of the nitrile oxide (189) 
(84T2345). 



H 


089) 

An allylic chiral center between the nitrile oxide and alkene groups 
can also affect the stereochemistry of INOC reactions. For example, 
the production of only the cycloadduct (191) in the reaction of the (Z)- 
nitroalkene (190) (Scheme 90), compared to the formation of a 3 :1 mixture 
of the isoxazolines (193) and (194) from the (fs)-isomer (192) (Scheme 91) 
(84ACR410) is a dramatic example of the influence of allylic 1,3-strain 
(89CRV1841) on these processes. 

A chiral center adjacent to the nitrile oxide is also known to affect 
INOC reactions, as illustrated in the formation of the isoxazoline (195a), 
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(I92) (193) (194) 

Scheme 91 

as a single diastereomer (Scheme 92) (88TL4169). By comparison, the 
homologue (195b) was obtained in 70% diasteromeric excess (Scheme 
92) (89JOC5277). Theoretical calculations were used to rationalize the 
opposite stereochemical outcome of these reactions and similar observa¬ 
tions in related systems (90JOC5505, 90TL743; 91CBII81; 92TL4405). 
Remote substituents can affect the diastereoselectivity of these processes, 
as illustrated in the production of only the isoxazolines (197) and (198), as 
an 11 : 1 mixture, in the reaction of the diene (196) (Scheme 93) (91TL4259). 

INOC reactions of substrates with multiple chiral centers have also 
been reported [88JOC5590; 92H(33)161], The heptose derivative (199) gave 
the cycioadducts (200) and (201) (Scheme 94) as a 64:36 mixture, whereas 
the diastereomeric nitrile oxide (202) gave only the isoxazoline (203) 
(Scheme 95) (91T7537). The phthalimide (204) gave only a single product 
(Scheme 96) (91TL5363), whereas the pyranose derivative (205) gave the 
isoxazoline (206) (Scheme 97) in 89% diastereomeric excess (92TL1059). 

Hassner et al. have investigated the stereochemical consequences of 
cyclization of vinyl-substituted azetidines and azetidinones. The vinylazet- 



a) R 1 = Ph, R 2 = H, n = I 

b) R 1 = H, R 2 = Ph, n = 2 

Scheme 92 
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Scheme 96 
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(205) (206) 

Scheme 97 


idine (207a) gave a 2: 1 mixture of the fused cyclopentanes (208a) and 
(209a) (Scheme 98) (87TL4097). The azetidinones (207b) and (207e) failed 
to cyclize, the cyclohexane (209c) was produced as a single diastereomer, 
and the fused cycloheptanes (208d ) and (209d ) were obtained as a 2:3 
mixture (Scheme 98) (88JOC5063). The stereospecific formation of the 
cyclohexane (209c) is consistent with reaction via a chair transition state, 
whereas the poor stereoselectivity in the reactions to give the cyclohep¬ 
tanes (208d ) and (209d ) reflects the greater flexibility in the corresponding 
transition states. In the case of the azetidine (210), only the diastereomer 
leading to the isoxazolines (211) and (212) underwent cycloaddition 
(Scheme 99) (87TL4097). Chair-like transition states have been used to 
rationalize the stereochemical outcome of a variety of other INOC reac- 



(207) 


(209) 


a) R = H 2 , n = 1 
or b) R = O, n = 1 
or c) R = O, n = 2 

Scheme 98 



(210) 


( 211 ) 


( 212 ) 


Scheme 99 
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tions that afford fused cyclohexanes [90H597,90JCS(P1)2481,90JOC4497; 
91T6635]. 

A major impetus for continued interest in INOC reactions has been their 
utility in synthesis. Accordingly, y-hydroxy amines (84ACR410, 84T2345; 
90JOC5505; 93TL3017), 0-hydroxy imines (86CC757, 86TL4865; 
89T1517), 0-hydroxy ketones [84JOC2301, 84TL947; 85BCJ2145, 
85CC847, 85JOC1564, 85T3511,85TL43, 85TL2031; 86CC757, 86TL1407, 
86TL4865; 87CC189, 87JA5280, 87JOC3541, 87T2369; 88JOC5590; 
89BCJ602, 89CC1093, 89T1517; 90H597, 90JCS(P 1)2481, 90JOC4497; 
91H1327,91JOC5281,91MI1,91T6635,91TL3605,91TL5363;92H(33)161, 
92TL1059, 92TL4589], and a,0-unsaturated ketones (86TL1407; 
87JA5280, 87JOC3541; 88CC198; 89JA8954) have been reported in this 
manner. 

In this chapter we have attempted to summarize recent trends in nitrile 
oxide cycloaddition reactions of alkenes. We hope that this overview will 
stimulate and encourage continued work in the field. 
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Nitrogen heterocyclic systems, Claisen 
rearrangements in, 8, 143 
Nitrogen radicals, generation and 
cyclization, 58, 1 

Nomenclature of heterocycles, 20, 175 
Nuclear magnetic resonance spectroscopy, 
application to indoles, 15, 277 
Nucleic acids, mass spectrometry of, 39, 79 
Nucleophiles, bifunctional, cyclisations and 
ring transformations on reaction of 
azines with, 43, 301 

Nucleophiles, reactivity of azine derivatives 
with, 4, 145 

Nucleophilic additions to acetylenic esters, 
synthesis of heterocycles through, 19, 
299 

Nucleophilic heteroaromatic substitution, 3, 
285 


O 

Olefin synthesis with anils, 23, 171 
Oligomers, heterocyclic, 15, 1 
Organocobalt-catalyzed synthesis of 
pyridines, 48, 177 

Organometallic compounds, transition 

metal, use in heterocyclic synthesis, 30, 
321 

1.3.4- Oxadiazole chemistry, recent 
advances in, 7, 183 

1.2.4- Oxadiazoles, 20, 65 

1.2.5- Oxadiazoles, 29, 251 
1,3-Oxazine derivatives, 2, 311; 23, 1 
Oxaziridines, 2, 83; 24, 63 

Oxazole chemistry, advances in, 17, 99 
Oxazolone chemistry 
new developments in, 21, 175 
recent advances in, 4, 75 
Oxidation of monocyclic pyrroles, 15, 67 
Oxidative transformations of heteroaromatic 
iminium salts, 41, 275 
3-Oxo-2,3-dihydrobenz[d]isothiazole 1,1- 
dioxide (saccharin) and derivatives, 15, 
233 

Oxygen heterocycles, applications of mass 
spectral techniques and stereochemical 


considerations in carbohydrates and 
others, 42, 335 
4-Oxy- and 4-keto-l,2,3,4- 

tetrahydroisoquinolines, chemistry of, 
15, 99 


P 

Pentazoles, 3, 373 

Peri-annellated heterocyclic systems, 
synthesis, 51, 1 

Peroxides, cyclic, 8, 165 (see also 1,2- 
Dioxetanes) 

Phase transfer catalysis, applications in 
heterocyclic chemistry, 36, 175 
Phenanthridine chemistry, recent 
developments in, 13, 315 
Phenanthrolines, 22, 1 
Phenothiazines, chemistry of, 9, 321 
Phenoxazines, 8, 83 
Photochemistry 
of heterocycles, 11 , l 
of nitrogen-containing heterocycles, 30, 
239 

of oxygen- and sulfur-containing 
heterocycles, 33, 1 

Physicochemical aspects of purines, 6,1; 24, 
215 

Physicochemical properties 
of azines, 5, 69 
of pyrroles, 11, 383 

Piperazine-2,5-diones and related lactim 
ethers, 57, 187 
3-Piperideines, 12, 43 

Polycyclic aromatic nitrogen cations, 55,261 
Polyfluoroheteroaromatic compounds, 28, 1 
Polymerization of pyrroles and indoles, acid- 
catalyzed, 2, 1 

Porphyrin derivatives, hydrogenated: 

hydroporphyrins, 43, 73 
Preparation of pyrroles from ketoximes and 
acetylenes, 51, 177 

Present state of selenazole chemistry, 2, 343 
Progress in pyrazole chemistry, 6, 347 
Prototropic tautomerism of heteroaromatic 
compounds, 1, 311, 339; 2, 1, 27; SI 
Pseudoazulenes, 33, 185 
Pseudobases, heterocyclic, 1, 167; 25, 1 
Purine bases, aza analogs of, 1, 189 
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physicochemical aspects of, 6, 1; 24, 215 
tautomerism, electronic aspects of, 13, 77 
Pyrans, thiopyrans, and selenopyrans, 34, 
145 

Pyrazine chemistry, recent advances in, 14, 
99; see also Piperazinediones 
Pyrazole chemistry, progress in, 6, 347 
3/7-Pyrazoles, 34, 1 
4/f-Pyrazoles, 34, 53 

Pyrazoles condensed to heteroaromatic five- 
and six-membered rings, 48, 223 
Pyrazolopyridines, 36, 343 
Pyrazolopyrimidines, chemistry of, 41, 319 
Pyridazine chemistry, advances in, 49, 385 
Pyridazines, 9, 211; 24, 363; 49, 385 
Pyridine(s) 

action of metal catalysts on, 2, 179 
effect of substituents on substitution in, 6, 
229 

functionalization by directed metalation, 
52, 187 

organocobalt-catalyzed synthesis, 48, 177 
synthesis by electrochemical methods, 37, 
167 

1,2,3,6-tetrahydro-, 12, 43 
Pyridinium azolate inner salts, 60, 197 
Pyridoindoles (the carbolines), 3, 79 
Pyridopyrimidines, 10, 149 
Pyrido[l ,2-a]pyrimidines, chemistry of, 33, 
241 

Pyrimidine bases, aza analogs of, 1, 189 
Pyrimidine ring annelation to an existing 

Pyrimidine ring, tricyclic compounds with a 
central, 39, 281 
Pyrimidines 

2,4-dialkoxy-, Hilbert-Johnson reaction 
of, 8, 115 

fused tricyclic, 39, 281 
tautomerism and electronic structure of 
biological, 18, 199 
Pyrimidoazepines, chemistry of 

diazabicycloundecene (DBU) and 
other, 42, 83 

1- Pyrindines, chemistry of, 15, 197 
Pyrones, monocyclic sulfur-containing, 8, 

219 

2- Pyrones, 4-oxy-substituted, dehydroacetic 

acid and related systems, 53, 1 


Pyrroles 

acid-catalyzed polymerization of, 2, 287 
1-hydroxy-, 51, 105 
from ketoximes and acetylenes, 
preparations. 51, 177 
oxidation of monocyclic. 15, 67 
physicochemical properties of, 11, 383 
2H- and 3//-Pyrroles, 32, 233 
Pyrrolidines, generation by radical 
cyclizations, 58, 1 

Pyrrolizidine chemistry, 5, 315; 24, 247 
Pyrrolizines, chemistry of. 37, 1 
Pyrrolodiazines with a bridgehead nitrogen, 

21, 1 

Pyrrolopyridines, 9, 27 
Pyrylium salts 
syntheses, 10, 241 
syntheses, reactions, and physical 
properties, S2 


Q 

Quantitative analysis of steric effects in 
heteroaromatics, 43, 173 
Quaternization 

of heteroaromatic compounds, 22, 71 
of heterocyclic compounds, 3, 1 
Quinazolines, 1, 253; 24, 1 
Quinazolines, fused, 52, 1 
Quinolines, functionalization by directed 
metalation, 52, 187 
Quinolizines, aromatic, 5, 291; 31, 1 
Quinones, heterocyclic, 45, 37 
Quinoxaline chemistry 
developments 1963-1975, 22, 367 
recent advances in, 2, 203 
Quinuclidine chemistry, 11, 473 


R 

Radicals, see also Substitution, free-radical 
and homolytic 

heteroaromatic, 25, 205; 27, 31 
nitrogen, cyclization of, 58, 1 
Reactions 

of annular nitrogens of azines with 
electrophiles, 43, 127 
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of azines with bifunctional nucleophiles: 
cyclizations and ring transformations, 
43, 301 

of sp 2 -carbanionic centers in the vicinity 
of heterocyclic nitrogen atoms, 56, 
155 

of coordinated ligands, 58, 123 
Reactivity 

of heteroaromatic compounds in the gas 
phase, 40, 25 

of naphthyridines toward nitrogen 
nucleophiles, 33, 95 

Rearrangements, mononuclear heterocyclic, 
29, 141 

Recent advances 

azomethine ylide chemistry, 45, 231 
in benzo[i]thiophene chemistry, 11, 177 
in fluoroheterocyclic chemistry, 59, 1 
in furan chemistry 
Part I, 30, 168 
Part II, 31, 237 

in 1,3,4-oxadiazole chemistry, 7, 183 
in oxazolone chemistry, 4, 75 
in pyrazine chemistry, 14, 99 
in pyridazine chemistry, 24, 363 
in quinoxaline chemistry, 2, 203 
in tetrazole chemistry, 21, 323 
in the chemistry 

of benzisothiazoles and other polycyclic 
isothiazoles, 38, 105 
of benzo[i]furans, occurrence and 
synthesis, 18, 337 
of benzo[6]thiophenes, 29, 171 
of 9/f-carbazoles, 35, 83 
of dibenzothiophenes, 16, 181 
of dihydroazines, 38, 1 
of mononuclear isothiazoles, 14, 1 
of phenothiazines, 9, 321 
of 1,3,4-thiadiazoles, 9, 165 
of thiophenes, 1, 1 
Recent developments 
in naphthyridine chemistry, 33, 147 
in isoxazole chemistry, 2, 365 
in phenanthridine chemistry, 13, 315 
Recent progress in barbituric acid chemistry, 
38, 229 

Reduction of nitrogen heterocycles with 
complex metal hydrides, 6, 45 : 39, 1 
Regioselective substitution in aromatic six- 
membered nitrogen heterocycles, 44, 
199 


Reissert compounds, 9, 1; 24, 187 
Ring closure of ortho-substituted t-anilines, 
heterocycles by, 14, 211 
Ring-opening of five-membered 
heteroaromatic anions, 41, 41 
Ring synthesis of heteroaromatic nitro 
compounds, 25, 113 
Ring transformations 
and cyclizations on reaction of azines with 
bifunctional nucleophiles, 43, 301 
of five-membered heterocycles, 56, 49 


S 

Saccharin and derivatives, 15, 233 
Saturated bicyclic 6/5 ring-fused systems 
with bridgehead nitrogen and a single 
additional heteroatom, 49, 193 
Selenazole chemistry, present state of, 2,343 
Selenium-nitrogen heterocycles, 24, 109 
Selenophene chemistry, advances in, 12, 1 
Selenophenes, 30, 127 
Selenopyrans, 34, 145; 59, 179 
Selenopyrylium salts, 60, 65 
Six-membered ring systems, nitrogen 
bridged, 16, 87 

Steric effects in heteroaromatics, 
quantitative analysis of, 43, 173 
Substitution(s) 

electrophilic, of five-membered rings, 13, 
235 

free radical, of heteroaromatic 
compounds, 2, 131 

homolytic, of heteroaromatic compounds, 
16, 123 

nucleophilic heteroaromatic, 3, 285 
in pyridines, effect of substituents, 6, 229 
regioselective, in aromatic six-membered 
nitrogen heterocycles, 44, 199 
Sulfamide moiety, heterocycles containing 
the, 44, 81 

Sulfoxides and sulfones: heteroaromatic, 

48, 1 

Sulfur compounds 

electronic structure of heterocyclic, 5, 1 
four-membered rings, 35, 199 
Sulfur transfer reagents in heterocyclic 
synthesis, 30, 47 

Sulfuranes, ligand exchange in, 48, 1 
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Synthesis, see also Heterocyclic synthesis 
and biological activities of condensed 
heterocyclo[n,m-n, b, or 
cjquinazolines, 52, 1 
and reactions of l-azirines, 13, 45 
of condensed l,2.4-triazolo[3,4- 
zjheterocycles, 49, 277 
by ring-closure of o-substituted 
(-anilines, 14, 211 

from hydrogen cyanide derivatives. 

41, 1 

from nitrilium salts and nitriles under 
acidic conditions, 6, 95 
of heterocycles from azadienes, 57, I 
of natural heterocyclic products by hetero 
Diels-Alder cycloaddition reactions, 

42, 245 

of peri-annellated heterocyclic systems, 
51, 1 

of pyridines by electrochemical methods, 
37, 167 

of pyrrolidines by nitrogen radical 
cyclization. 58, 1 

of tetracyclic and pentacyclic condensed 
thiophene systems, 32, 127 
thioureas in. 18, 99 
through nucleophilic additions to 
acetylenic esters. 19, 279 


T 

Tautomerism 

electronic aspects of purine, 13, 77 
and electronic structure of biological 
pyrimidines, 18, 99 
prototropic, of heteroaromatic 

compounds, 1, 311, 339; 2, 1, 27; SI 
Tellurium-containing heterocycles with two 
heteroatoms, 58, 47 

Tellurophene and related compounds, 21, 
119 

Telluropyrans, 59, 179 
Telluropyrylium salts, 60, 65 

1,2,3,4-Tetrahydroisoquinolines, 4-oxy- and 
4-keto-, 15, 99 

1,2,3,6-Tetrahydropyridines, 12, 43 
Tetramic acid chemistry, advances in, 57, 
139 


Tetrazocines, 50, 1 

Tetrazole chemistry, recent advances in, 21, 
323 

Theoretical studies of physicochemical 

properties and reactivity of azines, 5, 69 
Thiadiazines with adjacent sulfur and 
nitrogen ring atoms, 50, 255 

1.2.4- Thiadiazoles, 5, 119; 32. 285 

1.2.5- Thiadiazoles. chemistry of, 9, 107 

1.3.4- Thiadiazoles. recent advances in the 
chemistry of, 9, 165 

Thianthrenes, 48, 301 
Thiathiophthenes 0,6,6aS lv - 
trithiapentalenes), 13, 161 

1.2.3.4- Thiatriazoles, 3, 263; 20, 145 

1.3- Thiazines, 50, 85 

1.4- Thiazines and their dihydro derivatives, 
24, 293 

4-Thiazolidinones, 25, 83 
4-Thiazolidinones. condensed, 49, 1 
Thienopyridines, 21, 65 
Thienothiophenes and related systems, 
chemistry of. 19, 123 

Thiochromanones and related compounds, 
18, 59 

Thiocoumarins, 26, 115 
Thiophenes, recent advances in the 
chemistry of, 1, 1 

Thiophenium salts and thiophenium ylids, 
chemistry of, 45, 151 
Thiopyrans, 34, 145; 59, 179 
Thiopyrones (monocyclic sulfur-containing 
pyrones), 8, 219 

Thiopyrylium, selenopyrylium, and 
telluropyrylium salts, 60, 65 
Thioureas in synthesis of heterocycles, 

18, 99 

Three-membered rings with two 
heteroatoms, 2, 83; 24, 63 
Transition organometallic compounds in 
heterocyclic synthesis, use of, 30, 

321 

Triacetic acid lactone and related pyrones, 
53, 1 

1,3,5-, 1,3,6-, 1,3,7-, and 1,3,8- 
Triazanaphthalenes, 10, 149 

1.2.3- Triazines, 19, 215 

1.2.4- Triazines, reactions with C-, N-, 0-, 
and S-nucleophiles, 46, 73 

Triazocines, 50, 1 

1,2,3-Triazoles, 16, 33 
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1.2.3- Triazoles, 4-amino-, 40, 129 
A 2 -l,2,3-Triazolines, 37, 217 

A 3 - and A 4 -l,2,3-Triazolines, 37, 351 

1.2.4- Triazolines, 46, 169 

1.2.4- Triazolo[3,4-z]heterocycles, 
synthesis, 49, 277 

Triazolopyridines, 34, 79 

1.2.3- Triazolo[4,5-(7]pyrimidines (8- 
azapurines), chemistry of, 39, 117 

1.2.4- Triazolo[ 1,5-a|pyrimidines, 57, 81 
Tricyclic compounds with a central 

pyrimidine ring and one bridgehead 
nitrogen, 39, 281 

l,6,6aS lv -Trithiapentalenes, 13, 161 


U 

Unsaturated nitrogen heterocyclic 

compounds containing carbonyl groups, 
chemistry of, 58, 171 
Uracils: versatile starting materials in 
heterocyclic synthesis, 55, 129 
Use of transition organometallic compounds 
in heterocyclic synthesis, 30, 321 

V 

Vilsmeier conditions, cyclization under, 31, 
207 
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A 

Acenaphthene-1,2-dione 
condensations, 59, 90, 112 
in Westphal condensations, 55, 312, 314 
Acenaphtho-fused imidazo-[l,2,4]triazines, 
59, 89 

Acenaphtho-fused [ 1,2,4]triazolo- 
[l,2,4]triazines, 59, 132 
7W-Acenaphtho[ 1,2-6]pyrrolo[5,1,2-c/eJ- 
quinolizin-7-one, 55, 312 
Acenaphthylene, electronic spectrum, 55, 
328 

Acetaldehyde, a-(t-butylmethylthio)-, 
photolysis, 55, 6 

Acetaldoximes, 2-halo-, quaternisation of 
pyridines, quinolines, by, 55, 287, 
293-4, 302-3 

Acetamides, A-allyl-trichloro-, 

cycloaddition of C1CNO, 60, 282 
Acetohydrazide hydrazone, condensation 
with heterocyclic 1,2-diols, 59, 65, 66 
Acetone 

condensation with thionyl chloride and 
selenium oxychloride, 60, 106 
double condensation with 2,4- 

diphenylthiopyrylium ion, 60, 165 
Acetone, hexafluoro-, see 
Hexafluoroacetone 
Acetonitrile, trifluoro-, reaction with 
glycols and thioglycols. 60, 24 
Acetonitrile oxide, trifluoro-, generation, 
cycloadditions, 60, 29 


Acetophenone, N-methyloxazolidine 
derivative, lithiation, 56, 261 
Acetyl hypofiuorite 
fluorination of uracil by, 59, 3 
fluorination using, 60, 7 
reaction with pyridines, 58, 280. 289 
Acetylacetone, hexafluoro-, reaction with 
ethylenediamine, 56, 3 
Acetylene cyclic dimer, trimer, tetramer, 
dissociation energies, 56, 343 
Acetylenes, activated 
reactions with 
3-diazo-azoles, 59, 70 

1.2- dithiole-3-thiones, 56, 122 

1.2- dithiol-3-imines, 56, 122 
imino-S-heterocycles, 56, 106-9, 119 

see also Acetylenedicarboxylic ester, 
Acetylenic acids, esters and ketones, 
But-2-yne, hexafluoro-, Ynamines 
Acetylenes, o-aminophenyl-, formation by 
ring opening of 3-lithioindoles, 56, 

178, 180 

Acetylene, l-benzamido-2-phenyl-, Li salt, 
formation, 56, 220 

Acetylenecarboxylic ester, see Propynoic 

Acetylenedicarboxylic ester 
cycloaddition to 

2- (3-butylimidazolium-l-yl)- 

benzimidazolate, 60, 245 

3- diazoindazoles, 59, 84 
3-diazopyrazoles, 59, 69, 79 
a/3-unsaturated thiones, 59, 186, 188 
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reaction with 

4- halosydnones, 57, 340 
3-alkyl-2-oxido-[l,2,4]triazolo[l,5-a]- 

pyrimidinium betaine, 57, 68 
an azido-thiazole, 60, 31 
an oxazolium ylid, 60, 31-2 

1- aza-4-amino-1,3-dienes, 57, 22 
benzimidazolium ylid*, 56, 138 

5- cyano-A/,4-diary I-1,3-oxathiol-2- 

imine, 56, 108 

1.3.2- diaza-silines, -germines, 57, 24-8 
a 1,3-diazabuta-l,3-diene, 57, 68 
2.3-dihydro-l,2,4-triazines, 59, 115 
2,5-dihydro-l,2,4-triazines, 59, 43 

5- dimethylamino-1,2,4-dithiazol-3- 

imines, 56, 119 

fused 3-aminothiazol-2-imine, 59, 155 

2- hydrazino-4,5-dihydroimidazole, 

59,95 

silyloxy-2/f-thiopyrans, 59, 219, 224 

2- styryl-4tf-thiopyran deriv, 59, 225 

1.2.4.4- tetraphenyl-1,3-diazabutadiene, 
57, 65 

3- thioxo-l,2,4-triazin-5-ones, 59, 117 

1.2.4- triazines, 59, 51 
Acetylene, diphenyl-, photocycloaddition 

to uracil-6-carbonitrile, 55, 226 
Acetylenes, trifluoroacetyl-, 

trifluoromethyl heterocycles from, 

59, 15 

Acetylenic acids 
reaction with 

1.2- dithiole-3-thiones, 55, 4 
urea, 55, 136 

Acetylenic esters 

cycloaddition to /3-thiobenzoylenamines, 
59, 188 

photocycloaddition to uracils, 55, 149 
reaction with 

6- aminouracils, 55, 153, 171, 230 

l,2-dithiole-3-thiones, 55, 4 
indoles, 56, 125 

oxazolium and thiazolium N-ylids, 56, 
131 

see also Propynoic esters 
Acetylenic ketones, reaction with 1,2- 
dithiole-3-thiones, 55, 4 
Acidity 

of aminium cation radicals, 58, 18 
of coordinated species, — constants, 58, 
130 


of hydroxyquinolizinium salts, 55, 347 
of methyl groups in thiopyrylium ions, 
60, 84, 125 

of [ 1,2,4]triazolo[ 1,5-a]pyrimidinones, 

57, 109 

Acridine, halogenation, 59, 295 
Acridine A-oxide, halogenation, 59, 295 
Acridine, 9-benzyl-, nitration, 58, 251 
Acridine, 9-phenyl-*, nitration, 58, 251 
Acridin-9(10//)-ones, see Acridones 
Acridizinium ion, see 

Benzo[£jquinolizinium ion 
Acridone, 1,3-dimethoxy-10-methyl-, 
halogenation, 59, 295 
Acrylamides, /V,(V-diethyl-/3-pyrrolidino-, 
/3-lithiation, 56, 258 

Acrylic ester, /3-pyrrolidino-, -piperidino-, 
/3-lithiation, 56, 258 
Acrylonitrile, /3- and a-lithio-/3- 
pyrrolidino-, 56, 259 

Acryloyl isocyanates, reaction with amino- 
sugars, uridine analogs from, 55, 139 
iV-Acyldehydroaminoacids, addition of 
nucleophiles, 57, 230 
Acylhydrazones, a/3-unsaturated, 
cycloadditions, 57, 14 
iV-Acyliminium (ions), generation from 
alkylidenepiperazine-2,5-diones, 57, 
230 

Adenine-1 -trimethylene-1 '-thymine, 

photocycloaddition of imidazole C=N 
to thymine C=C, 55, 143 
Adenosine, 8-5'-O-cyclonucleoside 
formation, 59, 321 

Adenosine, O-protected, lithiation, 56, 

205 

Alanine, 3,3,3-trifluoro-, decomposition by 
base, 60, 4 

Alcohols, y-amino-, synthesis via 

isoxazolines, 60, 298, 300, 301, 314 
Aldehydes, selenation of, 55, 17 
Aldehyde dimethylhydrazones, a/}- 
unsaturated, see 1-Aza-l,3-dienes, 
1-dimethylamino- 

Aldimines, a/3-unsaturated, see l-Aza-1,3- 
dienes 

Aldol reductase inhibitor, synthesis, 57, 

262 

Alkaloids 
marine, 57, 34, 41 
plant, 57, 19, 20, 22, 31, 48 
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Alkanes, 1,1-dinitro-, treatment of salts 
with N : 0 4 , 60, 269 

Alkenes, 2-fluoro-1,1 -bistrifluoromethyl-, 
cyclocondensation with hydrazines, 
60, 16 

Alkenes, perfluoro- 
cycloadditions to 
benzyl azide, 60, 35 
pyridine imines and ylids, 60, 36 
Alkenes, perfluoro-, as heterocyclic 
precursors, 59, 10 
Alkylation, free-radical, of 1,3- 
dimethyluracil, 55, 227 
N-Alkylation, [ 1,2,4]triazolo[ 1,5-a]- 
pyrimidines, 57, 110 
Alkynes, photocycloaddition to uracils, 
rearrangement with HCNO 
elimination, 55, 149 
Alkynes, ethoxy-, cyclaoddition to 
hexafluoroacetone azine, 60, 32 
Alkynes, perfluoro-, as heterocyclic 
precursors, 59, 10 
Allenes 

nitrile oxide cycloaddition 
reactivity, 60, 273 
regioselection, 60, 276, 304 
Allene, anilino-, cycloaddition of nitrile 
oxides, 60, 304 

Allene, perfluoro-, cycloaddition to 
phenylsydnone, 59, 12 
Allene, phenylsulfinyl-, cycloaddition of 
nitrile oxides, 60, 276 
Alloxan, structure, 55, 133 
Alloxazines, synthesis, 55, 186 
Allyl alcohols, ethers, chiral, 

diastereoselection of cycloadditions, 
60, 278 

Allyl alcohols, and derivs, a-silyl-, 

diastereoselection of cycloadditions, 
60, 280 

Allylthioacetonitrile oxides, generation, 60, 
265 

Aluminabenzene, calculations. 56, 360 
Aluminabenzene dinitrogen complex, 
calculations, 56, 362 

Amides, A'-alk-3-en-l-ylidene-, see l-Aza- 
1,3-dienes, 1-acyl 

Amides, A-chloro-, halogenation of 
pyrroles by, 57, 326 

Amides, /V.A'-diallyl-, reaction with TeCl 4 / 
Br 4 , 58, 86 


Amides, A'-hexafluoroisopropylidene-, 
[4+1] cycloadditions, 60, 40-1 
Amidines, A'-(5-isothiazolyl)-, 
rearrangement, 56, 100 
Amidines, A'-(3-phenyl-5-isoxazolyl)-, 56, 
100 

Amidines, A'-(5-pyrimidinyl)-, 
rearrangement, 56, 142 
Amidines, N-(2-pyrimidinyl)-, 

[ 1,2,4]triazolo[ 1,5-o]pyrimidines from, 
57, 99 

Amidines, N-(\ ,2,4-thiadiazol-5-yl)-, 
rearrangement, 56, 103 
Amidoximes, 1,2,4-oxadiazol-3-yl-, 
rearrangements, 56, 55 
Amidyl radicals, see Radicals, nitrogen 
Amination, asymmetric, of carboxylic 
acids by chiral nitroso compds, 57, 41 
Amines, catalysis of 3-acyl-l,2,4- 
oxadiazole arylhydrazone 
rearrangement by, 56, 87 
Amines, thionitroso-, formation, 55, 20 
Aminium cation radicals, see Radicals, 
nitrogen 

Aminium hexachloroantimonate, tris-4- 
bromophenyl-, effect of on nitrile 
oxide dimerization, 60, 266 
Aminoacids 

chiral synthesis by amination sequence, 
57, 41 

synthesis using piperazine lactim ethers, 
57, 258 

Amino-esters, photoreactions with 6-azido- 
1,3-dimethyluracil, 55, 150 
Aminometradine, structure, use, 55, 132, 
133 

Aminyl radicals, see Radicals, nitrogen 
Amisometradine, structure, use, 55, 132, 
133 

Amphimedine (marine alkaloid), synthesis, 
57, 41 
Analgesics 

pyrazolol 1,2-a][ 1,2,4]benzotriazine- 
l,3,5(2«,6f/)-triones, 59, 67 
pyrido[2,3-e][l,2,4]triazolo[3,4-<:]- 
[l,2,4]triazines, 59, 141 
[I,2,4]triazolo[l,5-a]pyrimidines, 57, 126 
Analytical reagents, thiopyrylium salts, 60, 
172 

Anhydro-bases, of alkyl thio- and seleno- 
pyrylium salts, 60, 119 
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Anilides, m-fluoro-, oxazoles from via 
benzynes, 56, 221 

Aniline, N-allenyl-, cycloaddition of nitrile 
oxide and rearrangement, 60, 304 
Anilines, N.iV-dialkyl-3-alkoxy-, lithiation, 
56, 260 

Anion exchange reactions, in thiopyrylium 
salts and congeners, 60, 123-4 
[lOJAnnulene, 3-t-butoxy-1,6-methano-, 
condensation with 3-diazopyrazoles, 
59, 74 

Ansa compounds 

3.5- C 3 -bridged naphtho[2,3-(/]isoxazole, 
60, 307 

3.5- C|o-bridged pyrano[3,4-c]isoxazole, 
60, 307 

1.4- bridged 1,2,3-triazole, 55, 210 
Anthracene 

trapping of selenoaldehydes by, 55, 18 
trapping of thioaldehydes by, 55, 9 
1,9,10-Anthyridine-4,6-dione, 

chiorodehydroxylation, 59, 333 
Antiasthmatics, imidazo[ 1,5-d]- 

[l,2,4]triazines, 59,99 
Antibacterials 

azeto[ 1,2-</][l ,2,4]triazines, 59, 43 
fluorinated quinolines, 59, 18 
fluoro-l,2,4-triazino[5,6-i>]indole 
hydrazones, 59, 60 

heterocyclic betaines and precursors, 60, 
251 

pyrazolo[5,l-c][l,2,4]triazines, 59, 76 
pyrido[2,3-<f]pyrimidines, 55, 156 
thiopyrylium salts, 60, 172 

[1.2.4] triazino[4,3-6][l ,2]benzisothiazole 

6,6-dioxides, 59, 124 

[ 1,2.4]triazino[3,4-6|benzothiazoles, 59, 
124 

1.2.4- triazino[5,6-6]indoles, 59, 60 

[ 1,2,4]triazolo[5, l-c][l ,2,4]triazines, 59, 
138 

[ 1,2,4]triazolo[4,3-t/][ 1,2,4]triazin-5-ones, 
59, 143 
Antibiotics 
fused uracils, 55, 134 
isoxazolines, 60, 297 
uracil derivatives, 55, 198 
Antibiotics, /3-lactam, synthesis, 58, 178 
Anticancer agents 

[1.2.4] triazolo[l,5-a]pyrimidines, 57, 126 
uracil derivs, 55, 132 


Anticonvulsants 

pyrazolo[l,5-</][l,2,4]triazines, 59, 78 
pyrido[2,3-rf]pyrimidines, 55, 156 
Antifungal agents 
isoxazolines. 60, 297 
pyrazolol5,l-c][I,2,4]triazines, 59, 76 
[ 1,2,4]triazolo[5,l-c][ 1,2,4]triazines, 59, 
138 

Antihypertensive agents 
imidazo[l,5-</][l,2,4]triazines, 59, 99, 100 
pyrrolof 1,2-</][ 1,2,4]triazines and -1- 
ones, 59, 47 

[1.2.4] triazino[4,5-fl]indoles, 59, 54 
uracil derivs, 55, 132 

Antiinflammatory agents 
4-amino-1,2,4-triazino[6,5-6]indole-3- 
thione, 59, 61 

3-(3,5-di-t-butyl-4-hydroxyphenyl)-7W- 
thiazolo[3,2-6][ 1,2,4]triazin-7-one*, 
59, 118 

pyrazolof 1,2-a][ 1,2,4]benzotriazin- 
l(2//),3-diones, 59, 67 
pyrazolo[ 1,5-</][ 1,2,4]triazines, 59, 78 
uracil derivs, 55, 132 
Antileukemic agents 
dibenzo[<2,g]quinolizinium salts, 55, 287 
pyrimido[4' ,5':5,6][ 1,2,4]triazino[3,2-/]- 
purine-2,4,7,9-tetrones, 59, 112 

1,2,4-triazino[5,6-6]indole hydrazones, 

59.60 

uracil derivs, 55, 132 
Antimetabolic agents 

[1.2.4] triazolo[l,5-a)pyrimidines, 57, 126 
[ 1,2,4]triazolo[4,3-</]( 1,2,4]triazin-5-ones, 

59, 143 

Antimicrobial agents 
phenoxatellurins, phenotellurazines, 58, 
108 

I, 2,4-triazino[5,6-6]indole hydrazines, 

59.61 

[1.2.4] triazino[4,5-a]indol-l-ones, 59, 54 
see also Antibacterials, Antifungal 

agents 

Antimony trifluoride, for Cl exchange by 
F, 60, 11, 13 
Antiparasitic agents 
azolylpyridinium salts, 60, 251 

II, 2,4]triazino[4,3-u]benzimidazoles, 59, 

109 

Antiphlogistic agents, [1,2,4]triazolo[l ,5-u]- 
pyrimidines, 57, 126 
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Antipyretic agents, [l,2.4]triazolo[l,5-«]- 
pyrimidines, 57, 126 
Antipyrine, fluorination by acetyl 
hypofluorite, 59, 4 

Antirheumatic agents, [ 1,2,4Jtriazolo- 
[l,5-a]pyrimidines, 57, 126 
Antitumor agents 

pyrido(2,3-*/]pyrimidines, 55, 156, 230 
tetramic acid complexes, 57, 157 
Antiviral agents 

1,2,4-triazino(5.6-6]indoles, 59, 60 
[ 1,2,41triazolo[5,1 -r][l,2,4]triazines. 59, 
138 

[l,2,4]triazolo[4,3-d][l,2,4]triazin-5-ones, 
59, 143 

uracil derivs, 55, 132 
Anxiolytic agents, [l,2,4]triazolo[l,5-n]- 
pyrimidines, 57, 126 
Arantonin analogs, synthesis, 57, 205 
Areno-analogy principle, 60, 203, 211 
Aromatic electronegativity constants (K H ), 
56, 336 

Aromatic stabilization energies, 56, 315 
Aromaticity 

concept of in heterocyclic chemistry 
(review), 56, 303 

of pyrrole, effect of chloro-substitution. 
57, 327 

of thiopyrylium and congeners, 60, 71 
of [l,2,4]triazolo[l,5-<j]pyrimidines, 57, 
106 

Aromaticity indices 
Bird (I) bond order model, 56, 322 
harmonic oscillator model (HOMAS), 

56, 321 

interrelation between types, 56, 334 
Julg bond-length alternation, 56, 321 
Pozharskii (AN) bond order model, 56, 
322 

ring current index (RCI) bond order 
model, 56, 323 
Aromatization 

of oxotetrahydroquinolizinium ions, 55, 
279-85 

of 4//-se!enopyrans to selenopyryliutn 
salts. 59, 207 

of 2//-thiopyrans to thiabenzenes, 59, 
206 

of thiopyrans to thiopyrylium salts, 59, 
205 

Arsabenzene. see Arsenin 


Arsenin*, aromaticity estimates/indices, 

56, 328, 342 

Arsoles, chlorination by PhlCb, 57, 335 
Arsole 

aromaticity estimates/indices, 56, 342 
pyramidalization of As, 56, 368 
Arylation, photochemical, of halouracils, 
55, 226 

Arynes, see Benzynes, Pyridynes. 

Pyrimidynes, and others named as 
didehydro- derivatives of aromatic 
systems 

Ascididemin (marine alkaloid), synthesis, 

57, 34 

Association, see Self-association; Solvent 
effects 

Aza-Wittig reactions 
in fused pyrimidine synthesis, 55, 159 
synthetic uses, 57, 37 
2-Azaanthraquinone, synthesis, 56, 275 

1- Azaazulenes, 8-hydrazino-, cyclization 

with orthoformate, 59, 49 
3a-Azaazulen-6-one, and 4,5-dihydro- 
derivative, 55, 314 

2- Azabicyclo[3.2.0]hepta-3,6-diene, 

2-ethoxycarbonyl-perfluoro-, 
formation, 59, 27 
2-Azabicyclo[3.l.0]hex-3-ene, 2- 
methoxycarbonyl-, 
photoisomerization, 57, 8 
6-Azabicyclo[3.2. lloctanes, 58, 22, 27 
8-Azabicyclo[3.2.l|octanes, synth by 
radical cyclization, 58, 22, 27, 31 
6-Azabicyclo[3.2.1)octan-7-ones, 58, 36 
5-Azabicyclo[2.1.0)pent-2-enes, see Dewar 
pyrroles 

Azacyanine dyes, dithiopyrylio- and 
congeners, 60, 135 

Azacycl[3.3.3]azines, aromaticity, 56, 

349 

Aza- and polyaza-cycl[3.3.31azines, for 
specific systems see the appropriate 
polyaza-phenalene name 
Azacyclopenta-2,4-dienones, see 
Pyrrolones 

Azadienes, synthesis of heterocycles from 
(review), 57, 1 
1-Aza-1,3-dienes 
cheletropic addition to 

dimethylgermylene, 57, 5 
uses in synthesis, 57, 3-28 
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1-Aza-l,3-dienes, 1-acyl 
formation from iV-acylazetines, and 

intramolecular cycloadditions, 57, 19 
formation from N-acyloxy-N-allyl 
amides, and intramolecular 
cycloadditions, 57, 19 
1-Aza-l,3-dienes, 1-acyl, aryl, -2-cyano-, 
cycloadditions, 57, 16 
1-Aza-l,3-dienes, 4-amino- 
isoxazoles and pyrazoles from, 57, 7 
preparation, 57, 2 
pyridines from, 57, 12, 22 
pyridin-2-ones from, 57, 23, 24 
pyrimidines from, 57, 10, 22 
pyrroles from, 57, 7 
1,2-thiazine 1,1-dioxides from, 57, 23 
1-Aza-l,3-dienes, N-aryl-, 

trifluoromethylated, quinolines from, 
57, 9 

1-Aza-l ,3-dienes, A'-dimethylamino-, 
cycloadditions to C=C bonds, 57, 

14, 22 

1- Aza-l ,3-dienes, N-phenylsulfonyl-, 

cycloadditions, 57, 17 

2- Aza-l ,3-dienes 
pyrazines from, 57, 37 
pyridines from, 57, 33, 34, 39 
pyrimidines from, 57, 34 
quinolines from, 57, 34, 36 

2-Aza-l ,3-dienes, l,4-bis(dimethylamino)-, 
pyrido- and pyrimido-fusion using, 

57, 46 

2-Aza-1,3-dienes, 1,1 -bistrifluoromethyl-, 
cycloaddition to diazomethane, 60, 39 
2-Aza-l.3-dienes, 3-carboxy-, formation, 
dimerization, 57, 43 
2-Aza-l ,3-dienes, 3,4-dicarboxy-, 
formation, cycloadditions, 57, 43 
2-Aza-l ,3-dienes, 4-dimethylamino-3- 
methoxycarbonyl-1, l-di(methylthio)-, 
57, 29 

2-Aza-l,3-dienes, see also Isocyanates, 

Azaferrocene, lithiation, 56, 169 
1,2-Azagermoles, 2,2-dimethyl-, 57, 5 
2-, 3-Azahexa-l,3,5-trienes, generation, 
electrocyclization, 57, 33 
Azaindolizines, lithiation, 56, 211 
Azalumazines, see Pyrimido[4,5-e]- 
[l,2,4]triazine-diones and -triones 


5- Aza-l-oxapentadienium salts (vinylogous 

N.N.O-trialkylamidium salts), reaction 
with 1,2-diamines, 56, 7 
9b-Azaphenalene, aromaticity and 

topological charge stabilisation by aza- 
substitution, 56, 349 

1.4- Azaphosphorines, 1,4-dihydro-, 

synthesis from 2-aza-l,3-dienes, 

57, 38 

Azaprismanes, trifluoromethyl-, 59, 26 
Azapropazone, 5-amino-9-methylpyrazolo- 
[ 1,2-a]t 1,2,4]benzotriazine-1 (2//),3- 
dione, anti-inflammatory, 59, 67 

6- Azapurines, see Imidazo[4,5-e][l ,2,4]- 

triazines 

8-Azapurines, see Triazolo[4,5-c/]- 
pyrimidines 

Azaquinones, syntheses, reactions, 58, 
204-10 

2-Aza-10-siIaanthracenes, 9,10-dihydro- 
10,10-dimethyl-, and 9-oxo-, 
bromination, 59, 336 

14-Aza-steroids and -D-homosteroids, from 
vinyl isocyanates and enamines, 

57, 47 

1.4- Azatelluranes, synthesis, 58, 85 

7- Azatetracyclo[7.3.0.0 w .0 5lo ]dodec-7- 

enes, 57, 44 

Azatetrahedrane, and trinitro calculations, 
56, 357 

6-Azathymines, see l,2,4-Triazine-3,5- 
diones 

2-Azatricyclo[4.2.1.0 4 ' 8 ]-nonanes and 
-nonan-3-ones, 58, 36 
6-Azauracils, see 1,2,4-Triazine- 
3,5(2//,4//)-diones 

1 -Aza-2-zirconacycIohex-5-enes*, 3-t- 
butylimino-, 57, 6 
l-Aza-2-zirconacyclopent-4-enes*, 
synthesis, uses, 57, 5 
Azepanes, formation by radical 
cyclization, 58, 4 

Azepine, resonance energy, 56, 364, 378 
Azepine, 1-t-butyliminomethyl-1,2,3,4- 
tetrahydro-, lithiation, 56, 273 
1//-Azepine, l-ethoxycarbonyl-2,3,4,5,6,7- 
hexafluoro-, formation, photolysis, 

59, 27 

1//-Azepine, 2,3,4,5,6,7-hexafluoro-l- 
phenyl-, 59, 27 
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Azepines, fused, from thermolysis of 
perfluoroanilines with acetophenone, 

59, 15 

Azepino[5.4,3 ccflindole, 5,6-dihydro-6-(2- 
methylpropen-l-yl)-I,5-ditosyl-, 
lithiation, 56, 272 

Azepino[l,2-a]indol-8- and 10-ones, 55, 

316 

l//-Azepin-3(2//)-ones, l-methyl-, 
-phenyl-, halogenation, 58, 328 
Azepin-4-ones, 1,5,6,7-tetrahydro-, by 
rearrangement of spiro-isoxazolines, 

60, 302 

(anti)aromaticity estimates, 56, 311, 355, 
344, 346 

conformations of excited states, 
calculated, 56, 356 

Azete, 1,1-dihydro-, AMI calculations, 56, 
358 

Azete, 3-fluoro-2,4- 

bisheptafluoroisopropyl-, 59, 25 
Azete, substituted, effect on 
antiaromaticity, 56, 344 
Azete, tri-t-butyl-, structure, calculation, 
synthesis, 56, 355 

Azete, tris-dimethylamino-, structure, 
calculation, synthesis, 56, 356 
Azetidine carbonitrile oxides, vinyl-, 
intramolecular cycloadditions, 60, 

313 

Azetidine, fused, from intramolecular 
uracil-6-azauracil photocycloaddition, 
59, 44 

Azetidin-2-ones, synth via l-azetin-4-ones, 
58, 174-8 

Azetidinones, synthesis, 56, 214 
Azetidin-2-ones, /V-phenyl-, nitration, 58, 
259 

Azetidin-2-ones, 3-hydroxy-, conversion 
into tetramic acids, 57, 167 
Azetine-2-thione. 4-dimethylamino-3- 

methyl-l-vinyl-, reaction intermediate, 
57, 49 

l-Azetin-4-ones 

addition of nucleophiles, 58, 174 
cycloadditions, 58, 176 
existence, stability, 58, 172 
l-Azetin-4-one, lifetime, UV, 58, 174 
Azet-2(3//)-ones, see l-Azetin-4-ones 


Azeto[ 1,2-c/][l ,2,4]triazine-4-carboxylate, 
7-acylamino-1,6-dioxoperhydro-, 

59, 43 

I H- Azetol 1,2 -b)l 1,2,4]triazine-7,8- 
dicarboxylic esters, 3,6-diaryl- 
2.3,4.4a-tetrahydro-l-methyl-2-oxo-, 
59, 43 

2//-Azeto[ 1,2-t/][ 1,2,4]triazine-2,4- 
dicarboxylic esters, 1,6.7,7a- 
tetrahydro-6-oxo-*, 59, 44 
Azeto[2.!-/][ 1,2,4]triazine-4( l//),6-dione, 
l-acetyl-4a,5-dihydro-2-phenyl-4a- 
trifluoromethyl-. 59, 44 
Azeto[2,l-/][l,2,4]triazine-2.4-diones, 
perhydro-, 59, 44 
Azides 

cycloadditions to perfluoro-carbonitriles, 
60, 39 

photocyclization forming pyrimido- 
[l,4]benzothiazinediones, 55, 202 
Azides, fluoroaryl-, cycloadditions, 60, 31 
Azido group cycloaddition, intramolecular, 
to uracil 5-6 bond, 55, 210 
Azidodeoxythymidine (AZT), structure, 

55, 135 

6-Azidouracils, photolysis, 55, 197, 200 
Azimines, pyrazole-derived, formation 
from azomethine imines and nitroso 
compounds, 60, 34 
Azinium azolates, definitions, 60, 200 
Aziridine 

pyramidalization of N, 56, 369 

reaction with l,3-oxazolidine-2,5-diones, 
57, 195 

Aziridines, azomethine ylids from, 
cycloadditions, 60, 35 
Aziridines, /3-hydroxy-, radical induced 
cleavage, 58, 41 

Aziridines, Af-phenyl-, nitration, 58, 259 
Aziridine-2-carbohydrazide, condensation 
with acetone, 59, 42 
Azirines, thermal rearrangement to 
l-dimethylamino-2-aza-1,3-dienes, 

57, 40 
Azirine 

equilibration of 2 H- and 1 H- forms, 56, 
373 

resonance energy, 56, 364 

structure, 56, 368, 369 
1//-Azirine* dication, calculations, 56, 374 
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1-Azirine, formation, 56, 372 
2//-Azirine-2-acrylates, 3-phenyl- 
reaction with 
formamidine, 57, 62, 63 
guanidine, 57, 63 
hydrazine, 57, 62 

Azirino[l ,2-d\[\ ,2,4]triazin-l(2//)-one, 

3,4,6,6a-tetrahydro-4,4-dimethyl-, 

59, 42 

Azlactones, unsaturated aminoacyl-, 
thermolysis to alkylidenepiper- 
azinediones, 57, 195 

Azobis(2,6-diphenylpyrylium-4-yl) and S, 
NR congeners, polarography, 60, 97 
Azodicarboxylic esters 
cycloaddition to 2-azabuta-1,3-dienes, 

57, 55, 57 
reaction with 

5,6-dihydrazinouracils, 55, 180 
6-benzylaminouracils, 55, 155 
6-amino-3-methyluracil, 55, 201 
a 5-imino-4-azino-imidazolin-2-one, 59, 
101 

2-styryl-4W-thiopyran deriv, 59, 224 
see also Mitsunobu reactions 
Azodiformates, see Azodicarboxylic esters 

1- Azolin-5-ones, see 2W-Pyrrol-2-ones. 3,4- 

dihydro- 

Azolium azolates, definitions, 60, 200 
Azolo[l,5-u]pyrimidines, 5,7-diphenyl-, 60, 
249 

8b-Azoniaacenaphthylene. see 

Pyrrolo[2,1,5-de ]quinolizinium (ion) 
5a-Azoniaacephenanthrylene (ion), 4- 
methyl-6-phenyl-, 55, 312 

2- Azoniaazulene, 1,3,5,7-tetramethyl-2- 

phenyl-, use as oxidizing agent, 60, 110 
3a-Azoniaazulene, 7-hydroxy-, 55, 314 
4b-Azoniabenz[u]azulenes, 7- and 9- 
hydroxy-, 55, 316 
2a-Azoniabenzo[o]coronene 
mass spectrum, 55, 335 
synthesis, 55, 310 

7a- and 13a-Azoniabenzo[u]naphthacenes, 
55, 298 

2a-Azoniabenzo[g(i/)perylene, see 
Benz[4,10]anthra( 1,9,8 -hija]- 
quinolizinium 

lOc-Azoniafluoranthene (ion), synthesis, 
crystal structure, 55, 313, 320 


5-Azoniafulvene, cycloaddition to 
hydrazones, 59, 49 
2a-Azoniahexahelicene, 55, 307 
5a-Azonianaphthacene, see 
Dibenzo[6,g]quinolizinium 
12b-Azoniaperylene, see lsoindolo[l ,2,3- 
dejquinolizinium 

Azonia-polycyclic aromatic systems 
(review), 55, 261 

lOb-Azoniapyrene, 2,5,9-triaryl-, 55, 297 
4a-Azoniatriphenylenes, see Pyrido[l,2-/]- 
phenanthridinium salts 
Azuleno[2,l-f> and cjfurans, resonance 
energies, 56, 353 

Azuleno[2,l-f> and clpyrroles, resonance 
energies, 56, 353 

Azuleno[2,l-6 and cjthiophenes, resonance 
energies, 56, 353 


B 

Bacimethrin, structure, 55, 133 
Bactericides, see Antibacterials 
Balz-Schiemann reactions 
forming fluoro-heterocycles, 59, 5, 6, 

266. 270, 272, 294, 298, 302, 305, 

60, 8, 57, 302, 324, 333, 346, 355, 

58, 294, 301, 314, 320, 322 
Barbituric acids, synthetic uses, 55, 174, 
205,210 

Barbituric acid, structure, 55, 133 
Barbituric acid, and N-alkyl, bromination, 
58, 306 

Barbituric acid, 5-bromo-, synthetic uses, 
55, 202 

Barbituric acid, 1,3-dimethyl-, Vilsmeier 
formylation, 55, 190 
Barbituric acids, 5-ethyl-5-phenyl-, 
nitration, 58, 256 

Barbituric acids, 5-nitroso-, uses, 55, 174 
Barbituric acid 5-spiro-cyclopropane, 

formation by photo-rearrangement, 55, 
226 

Base catalysis, in imidazole iodination, 57, 
353 
Basicity 

of aminyl radicals, 58, 18 
of [l,2,4]triazolo[l,5-a]pyrimidines, 57, 
109 
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Bentazone, structure, 55, 134 
Benzaldehyde, dimethylimidazolidine 
derivatives, lithiation, 56, 261 
Benzaldehyde, p-dimethylamino-, reaction 
with 2,3-dihydro-1,4-diazepinium salts, 
56, 30 

Benzaldehyde, 4-methoxy-, lithiation of 
amine adducts, 56, 261 
Benzamidoxime, o-hydroxy-, reaction with 
acetaldehyde, 56, 71 

Benz[4,10]anthra[ 1,9,8-/i//u]quinolizinium 
ions, 55, 306 

Benz[4,10]anthra(l,9,8-/i(/Vt]quinolizinium 
salt, mass spectrum, 55, 335 

1.2- Benzazaborine*. 1,2-dihydro-2-methyl-. 
bromination, chlorination, 59, 309 

1.3- Benzazaphosphole, 1-methyl-, 
lithiation, 56, 204 

1.3- Benzazarsole, l-methyl-. lithiation. 56, 
204 

Benzene 

aromaticity estimates/indices, 56, 311, 
316, 320, 323, 330, 335, 340, 342 
geometrical structure, 56, 318 
Benzene, hexafluoro-, condensations 
forming heterocycles, 60, 18 
Benzene-1,2-diamine 
1,5-benzodiazepines from, 59, 17 
fluorinated quinoxalines from, 59, 17 
2-perfluoroalkylbenzimidazoles from, 

60, 25 

reactions with tetramic acids, 57, 162, 
164, 170, 175 

Benzenesulfonylnitromethane, 

esterification by diazomethane, 60, 

266 

Benzenetellurenyl chloride, 2-benzoyl-, 
cyclic form, 58, 61 
Benzenoid azonia systems 
pentacyclic, 55, 266 
tetracyclic, 55, 264 

Benzil mono(trimethylsilylimine), reaction 
with ester enolates, 58, 181 
Benzimidate, N-phenylethynyl-, Li salt, 

56, 220 

Benzimidazolate betaines 
dipole moments, 60, 231 
and precursors 
formation, 60, 202-19 
nmr spectra. 60, 224-7 


Benzimidazolate, 2-(3-butylimidazolium-l- 
yl)-, cycloaddition of DMAD, 60, 245 
Benzimidazolate, 2-(l-pyridinio)-, 60, 202, 
224, 232, 234, 238, 242 
Benzimidazoles 
halogenation, 59, 270-2 
metalation at C-2, 56, 203 
nitration, 58, 238 

rearrangements involving attack at C-2, 
56, 136 

Benzimidazole, direct lithiation, 56, 163 
Benzimidazoles, N-protected, lithiation. 
56, 204 

Benzimidazole, 2-amino-, 56, 142 
Benzimidazole, 2-(4-amino-1 -benzy 1-5,5- 
dimethyl-2,5-dihydro-2-oxopyrrol-3- 
yl)-, 57, 151 

Benzimidazoles, 2-benzamido-, formation 
in photorearrangement, 56, 82 
Benzimidazole, 2-bromo-, 59, 271 
Benzimidazoles, 2-chloro-, 59, 270 
Benzimidazole, 2-(2-chloroethyl)-4-nitro-, 
reactivity, 60, 208 

Benzimidazoles, 2,3-dihydro-, by Nu 
addition at C-2, 56, 203 
Benzimidazole, 2-fluoro-. 59, 272 
Benzimidazole, l-methyl-*, ring expansion 
to chloroquinoxalines, 59, 305 
Benzimidazole, l-methyl-2-(5'-methyl-2 - 
thienyl)-, bromination. 57, 319 
Benzimidazole 3-oxides, chloro- 
deoxygenation, 59, 270 
Benzimidazoles, 2-perfluoroalkyl-, 60, 25 
Benzimidazoles, 2-(l-pyridinio)-, 60, 204 
Benzimidazoles, 2-(2-pyridinioethyl)-, 
elimination reactions, 60, 246 
Benzimidazoles, tetrafluoro-. 59, 14 
BenzimidazoIe-2-carboxylic ester 3-oxide, 
7-nitro-5-trifluoromethyl-, 60, 17 
Benzimidazolium salts, l-amino-3-alkyl-, 
reaction with activated acetylenes, 56, 
138 

Benzimidazo[2, l-6]quinazolin-12-ones, 
iodination, 59, 323 

Benzimidoyl chloride, N-phenyl-, Friedel- 
Crafts benzoylation using, 55, 195 
Benz[g]indazoles. 5-trifluoroacetyl-3- 
trifluoromethyl-, 60, 17 
Benz[e]indole, 4,5,6,7,8,9-hexafluoro-2- 
phenyl-, 59, 14 
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Benz[g]indole-2-carboxylate, 5-trifluoro- 
acetyl-3-trifluoromethyl-, 60, 17 

Benz-indolizines, see Pyrrolo- 

isoquinolines, Pyrrolo-quinolines 

Benz[g]isoquinoline-5,10-dione, 56, 275 

1.2- Benzisoselenazoles, bromination, 59, 
277 

1.2- Benzisoselenazole 
deprotonation at C-3 and cleavage, 56, 

216 

spectral properties, 58, 54 

1.2- Benzisotellurazoles, syntheses, 

1.2- Benzisotellurazole 
crystal structure, 58, 53 
spectral properties, 58, 54 

1.2- Benzisotellurazolium salts, 2-aryl-, 

58, 52 

1.2- Benzisotellurazolium salts, 2-methyl-, 
58, 53 

1.2- Benzisothiazoles, chlorination, 
bromination, 59, 274-5 

1.2- Benzisothiazole, spectral properties, 

58, 54 

1.2- Benzisothiazole 1,1-dioxide, 2-fluoro- 

2,3-dihydro-, use, 59, 29 

1.2- Benzisothiazo!-3-one, Af-chlorination, 

59, 275 

1.2- Benzisothiazol-3-one 1,1-dioxide, N- 
halogenation, 59, 275 

2.1- Benzisothiazoles, halogenation, 59, 

275 

2.1- Benzisothiazole, lithiation at C-3, 56, 
216 

2.1- Benzisothiazole 2,2-dioxides, 1,3- 
dihydro-, S0 2 extrusion, 57, 17 

2.1- Benzisothiazoles, 3-azido-, ring¬ 
opening to thionitroso derivs, 55, 23 

1.2- Benzisoxazoles, halogenation, 59, 
272-3 

1,2-Benzisoxazoles, 3-acylamino-, 
rearrangement, 56, 69, 71 

1,2-Benzisoxazoles, 3-aryl-4,5,6,7- 
tetrahydro-4- and 7-oxo-, 60, 304 

1.2- Benzisoxazoles, 3-(a-hydroxyethyl)- 
amino-, rearrangement, 56, 69 

1.2- Benzisoxazole 2-oxides 
halogenation, 59, 273 
nitration, 59, 273 

1.2- Benzisoxazoles, 3-unsubstituted, base- 
induced ring cleavage, 56, 213 


1.2- Benzisoxazole-3-acetic esters, 
isonitrosation, 56, 58 

1.2- Benzisoxazole-3-(a-oximino)acetate, 
configuration question, rearrangement, 
56, 59 

2,1-Benzisoxazoles, chlorination, 
bromination, 59, 273-4 

2.1- Benzisoxazoles, 3,3a,4,5,6,7- 
hexahydro-, formation in 
intramolecular nitrile oxide 
cycloadditions, 60, 307, 309, 311 

2.1- Benzisoxazole-3-carboxylic acid, 6- 
nitro-, reaction with methanolic 
hypochlorite, 59, 273 

Benz[//][2,7]naphthyridine*, halogenation, 
59, 333-4 

Benzo[a]carbazole, lithiation, 56, 183 

Benzo[c]carbazole, 7-methoxymethyl-, 
lithiation, 56, 183 

Benzo[c]cinnolines, fluoro-, 59, 302 

Benzo[3,4]cyclobuta[l,2-c]thiophene, 
CCMRE calculation, 56, 314 

2.3.1- Benzodiazaborine*, 1,2-dihydro-1- 
methyl-, bromination, 59, 309 

1.5- Benzodiazepine, fluorinated, 59, 17 

1.5- Benzodiazepinium salt, 5a,6,7,8,9,9a- 
hexahydro-, mass spectrum, 56, 31 

1.5- Benzodiazepin-2-ones, 1,3-dihydro-4- 
phenyl*-, bromination, 59, 339 

1.2- Benzodiazete, 1,2-dihydro-, 
calculations, 56, 382 

Benzo[t ,2-c:4,5-c')difuran, decafluoro- 
1,3,5,7-tetrahydro-, 59, 2 

Benzo[l ,2-d:4,5-d ']diimidazole, 1,5- 
dihydro-*, bromination, 59, 272 

Benzo[l ,2-c/:3,4-d 'Jdiimidazole, 1,6- 
dihydro-*, bromination, 59, 272 

1.3- Benzodioxan-2-spiro(cyclopent-2'-ene), 
2',3',4,4,5,5-hexafluoro-, 59, 11 

1.2- Benzodioxete, calculations, 56, 382 

1.3- Benzoditelluroles, synthesis, 58, 75 

1.3- Benzoditellurole, 2-(l ,3- 
benzoditellurol-2-ylidene)-, see 
Dibenzotetratellurafulvalene 

1.3- Benzoditellurolylium salts, 58, 83 

1.3- Benzodithiolylium ion, 5-methyl-2- 
methylthio-, condensation with 4- 
methyl-2,6-diphenylthiopyrylium, 60, 
131 

Benzo[ 1,2-6:4,3-6’]dithiophene*, 
bromination, 59, 253 
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Benzo[2,l-6:3.4-//]dithiophene*, 
bromination, 59, 253 
Benzol l,2-c:3,4-r']dithiophene, 
bromination, 59, 254 

1- Benzofurans, Benzo[6)furans, see 

Benzofurans 

2- Benzofutans, Benzo[r]furans, see 

Isobenzofurans 

Benzofuran 

bromination, 59, 247-50 
chlorination, 59, 247 
fluorination with trifluoromethyl 
hypofluorite, 59, 249 
reaction with BrCI, 59, 248 
resonance energy, 56, 352 
Benzofuran, 3-acetamido-2-acetyl-, 
chlorination, 59, 248 
Benzofurans, 3-acyl-, reaction with 
hydroxylamine, 56, 123 
Benzofurans, 2-(o-aminocarbonylphenyl)-, 
rearrangement to 3-salicylidene- 
isoindol-l-ones, 56, 123 
Benzofuran, 2-bromo-, formation, 59, 248 
Benzofuran, 3-bromo-, formation, 59, 249 
Benzofuran, 2- and 3-chloro-. formation. 
59, 247 

Benzofuran, 2,3-diphenyl-, bromination, 

59, 250 

Benzofurans, 2,3-diphenyl-, nitration, 58, 
224-5 

Benzofurans, 5-hydroxy-2/3-phenyl-, 
nitration, 58, 224 
Benzofurans, methyl-, side-chain 
bromination, 59, 249 

Benzofuran, 2-phenyl*-, nitration. 58, 224 
Benzofuran, 4,5,6,7-tetrafluoro-2- 
fluoromethyl-, 60, 28 
Benzofuran-3-carboxylate, 4,5,6,7- 
tetrafluoro-2-methyl-. 60, 18 
Benzofuran-2-carboxylic acid, esters, 
bromination, 59, 250 

Benzofuro[2,3-t/]pyrimidine-2,4-diones, 55, 
199 

Benzo[n]indolo[3,2-/i]quinolizinium salt, 1- 
methyl-, 55, 319 

Benzo[n]naphtho[2,3-r)quinolizinium (ion), 
6-phenyl-, 55, 301 

Benzo[«lnaphtho[ 1,2-^]quinolizinium (ion), 
15-phenyl-, 55, 300 

Benzo[«]naphtho[l,2-/i]quinolizinium (ion), 
55, 302 


Benzo[a]naphtho[2,l-/i]quinolizinium (ion), 
5-methyl-, 55, 301 

Benzo[e]naphtho[2,l-r;]quinolizinium (ion), 
55, 303 

l//-Benzo[//][2,7)naphthyridine, 
halogenation, 59, 333-4 
Benzonitrile oxides, see Nitrile oxides 
Benzo{/mn][3,8)phenanthrolinediium (ion), 
3,8-dimethyl-, reduction potentials, 55, 
340 

Benzo[a]phenanthro[9,10-g]quinolizinium 
salt, 55, 304 

Benzolfc]phenanthro[9.IO-£]quinolizinium 
salt, 55, 304 

Benzo[fr]phenazine-6,11-dione, 5,12- 
dihydro-, aromatic character, 56, 333 
Benzophenone imine, reaction with 
cyclopropylideneacetates, 57, 24 
BenzoinJphenothiazine, lithiation, 56, 257 
Benzo[6]phenothiazines, lithiation, 56, 256 
Benzo[c]phenothiazine, lithiation, 56, 256 
Benzo[g]pteridine-2,4(3//, 10 H )-dione, 10- 
phenyl-, nitration, 58, 258 
2//-l-Benzopyrans, halogenation, 59, 299 
l//-2-Benzopyran-3-carboxylate, l-oxo-6,7- 
bistrifluoromethyl-, 59, 24 
AH- 1-Benzopyran-2-carboxylic acid, 4- 
oxo-, reaction with thionyl chloride 
59, 301 

l-Benzopyran-2-ones, halogenation, 59, 299 
l-Benzopyran-2-ones, 3-benzoylamino-, 
formation by rearrangement, 56, 132 
l-Benzopyran-2-one, 4-chloro-, 59, 301 
l-Benzopyran-2-ones, 4-fluoro-, 59, 2, 299 
l-Benzopyran-2- and -4-ones, hydroxy-, 
halogenation, 59, 300 
l-Benzopyran-2-ones, 3-perfluoroalkyl-, 
59,9 

1- Benzopyran-4-ones 
halogenation, 59, 300 

reaction with ethylenediamine, 56, 8 

2- Benzopyran-I-one, 3-chloro-, 

chlorination, 59, 300, 301 
[l]Benzopyrano[4,3-6]pyridines, synthesis 
by intramolecular cycloadditions, 

57. 44 

[ I]Benzopyrano(3,2-c]pyridin-3-ones, 2- 
aryl-4,4a-dihydro-, 57, 18 
6//-[2]Benzopyrano[3,4-rflpyrimidine-l,3- 
dione, 6a,7,8,9,10,10a-hexahydro-2,4- 
dimethyl-, 55, 212 
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Benzopyrano[2,3-rf]pyrimidine-2,4(3W)- 
diones, and 1,5-dihydro-, 55, 205 
Benzo[c]pyrazolo[ 1,2-a]cinnoIinium (ion), 
calculated electron densities, 55, 276 
Benzo[crf]pyrido[l ,2-a]indol-7-ium (ion), 

1,4-dihydroxy-, 55, 314 
Benzo[cpyrido[ 1,2-/]phenanthridinium 
(ion), 3-phenyl-, 55, 302 
1-Benzopyrylium ion, 2-phenyl-, nitration, 
58, 252 

Benzo[/]quinazoline-1,3-diones, 55, 207 
Benzo|/]quinazoline-1,3-dione, 2,4- 
dimethyl-6-phenyl-, 55, 226 
Benzo(Vi]quinazoline-2,4-diones, 55, 200 
Benzolg]quinoline-5,l0-dione, 3-methyl-, 
57, 14 

Benzolltjquinolines, 1,2,3,4,4a,5,6,10b- 
octahydro-, stereoisomers, 57, 57 
Benzoquinolizinium (ions/salts) 
reactivity indexes, 55, 344 
reactivity with nucleophiles, 55, 346 
Benzolajquinolizinium (ions/salts) 
calculated electron densities, 55, 275 
calculated electronic spectrum, 55, 324 
nitration, 55, 342 
synthesis, 55, 282 
Benzo[a]quinolizinium (ions), 

monomethyl-, proton nmr spectra, 55, 
333 

Benzo[a]quinolizinium (ions), methyl-, 
reactivity, 55, 349 
Benzo[h]quinolizinium (ions/salts) 
calculated electron densities, 55, 275 
calculated electronic spectrum, 55, 324 
charge transfer complexation, 55, 352 
halogenation, 59, 331 
photodimerisation in solid state, 55, 320, 
352 

Benzo[b]quinolizinium (ion/salt), 7- 
acetoxy-10-t-butyl-, cycloaddition to 
ketene acetal, 55, 313 
Benzo[h]quinolizinium (ion/salt), 7,8- 
dihydroxy-10-phenyl-, synthesis, 
oxidation, 55, 299 
Benzo[h]quinolizinium (ion/salt), 6- 
phenyl-, 55, 282 

Benzo[c]quinolizinium (ions/salts) 
calculated electronic spectrum, 55, 

324 

nitration, 55, 342 


Benzo[c]quinolizinium (ion/salt), 1,3- 
diphenyl-, photocyclization, 55, 304 
Benzo[c]quino(izinium (ions/salts), 
methyl-, reactivity, 55, 349 
Benzo[l ,2]quinolizino[3,4.5,6 -def]- 
phenanthridinium (ion), 2-phenyl- 
metal complexation, 55, 352 
proton nmr, covalent hydration, 55, 

334 

synthesis, 55, 307 

1,4-Benzoquinone, reaction with 

6-amino-l,3-dimethyluracil, 55, 200 
aryl isocyanides, 57, 5 

1,4-Benzoquinone, 2,3-diazido-5-phenyl-, 
thermolysis. 58, 206 

1.2- Benzoquinone, 3,5-di-t-butyl-, use in 
oxidation of thiopyrans, 60, 111 

1.2- Benzoquinone methide imines, 
formation, cycloadditions, 57, 17, 22 

2.1.3- Benzoselenadiazole 1 -oxide, 
photolysis, 55, 24 

2.1.3- Benzoselenadiazole, 5,6-dimethyl-, 
bromination, 59, 279 

Benzoselenazoles, basicity, 58, 58 
Benzo(i]selenophenes, halogenation, 59, 
268 

l//-2-Benzoselenopyran, 6,8-di-t-butyl-3,4- 
dihydro-4,4-dimethyl-, 55, 16 
Benzotellurazoles 
basicity, 58, 58 
reactions, 58, 56 
synthesis, 58, 54 

Benzotellurazoles, 1,1 -dihalo-2-phenyl-, 

58, 56 

Benzotellurazole, 2-methyl-, condensation 
with benzaldehydes, 58, 59 
Benzotellurazole, 2-phenyl- 
crystal structure, 58, 59 
Pd(II) and Hg(II) complexes, 58, 56 
substitution of Te by S, 58, 57 
Benzotellurazolium salts, 1- and 3-methyl- 
2-phenyl-, 58, 56 

Benzotellurazolium salts, 2,3-dimethyl-, 
cyanine dyes from, 58, 59 
Benzo|7>]tellurophenes, halogenation, 59, 
268 

lX 4 -Benzo[6]tellurophene, 1,1,2-tribromo-, 

59, 268 

1 -Benzotelluropyran-4-ones, formation, 

58, 62 
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2//-l,2,4-Benzothiadiazine 1-oxides, 
chlorination, 59, 308 

4//-l,2.4-Benzothiadiazine 1,1-dioxides. 3- 
chloro-, 59, 308 

2.1.3- Benzothiadiazoles, halogenation, 59, 
277-9 

2.1.3- Benzothiadiazole 1-oxide, photolysis, 
55, 24 

2.1.3- Benzothiadiazoles, 4,6,7-trifluoro-, 

59, 13 

2.1.3- Benzothiadiazole-4,7-dione, 5- 
chloro-, 59, 278 

2X 4 -2,l-Benzothiazine 2-oxide, 4-methyl-2- 
p-tolyl-. lithiation, 56, 246 
4/f-3.1-Benzothiazines, synthesis, 57, 50 
4 H- 1,4-Benzothiazine 1,1 -dioxide, 
bromination, 59, 307 

1,2- and 2.1-Benzothiazoles. see, resp. 1,2- 
and 2.1-Benzisothiazoles 
Benzothiazoles 
basicity, 58, 58 
bromination, 59, 276 
halogenation, 59, 275-7 
Benzothiazole, metalation at C-2, 56, 224 
Benzothiazoles, amino-, bromination, 59, 
276 

Benzothiazole, 2-amino-4,5,6,7-tetrahydro- 
7-imino-4,4,5,5,6,6-hexafluoro-, 60, 23 
Benzothiazole, 2-chloro-, 59, 276 
Benzothiazole, 2-fluoro-, 59, 277 
Benzothiazoles, 2-guanidino-, formation by 
rearrangement, 56, 111 
Benzothiazole, 2-lithio-, use 

in aldehyde and ketone synthesis. 56, 
225, 274 

as carbonyl protective group. 56, 274 
Benzothiazoles, 2-methylamino-, formation 
by rearrangement, 56, 112 
Benzothiazole, 2-(5'-nitro-2'-furyl)-, photo¬ 
displacement of NO, by Cl, 57, 305 
Benzothiazole. pentachloro-, 59, 275 
Benzothiazoles, 2-perfluoroalkyl-. 60, 

24, 25 

Benzothiazoles, 2-phenyl-, nitration, 58, 
242 

Benzothiazoles, 2-(2-pyridyl)amino-, and 
salts, formation by rearrangement, 56, 
109 

Benzothiazoles, 2-thioureido-, formation 
by rearrangement, 56, 118 


Benzothiazole, 2-trimethylsilyl-, 

desilylation and substitution, 56, 224 
Benzothiazole-2-thiones*, reaction with 
chlorine. 59, 276 

Benzothiazolium ion, 2,3-dimethyl-, 
reaction with thiopyrylium ion, 60, 

165 

Benzothiazolium N-ylids. trapping with 
acetylenic esters, 56, 131 
Benzothiazol-2-one, 4-bromo-3-methyl-, 
bromine migration, 59, 276 
Benzothieno[2,3-rf]pyrimidine-2.4-diones, 
55, 199 

Benzothieno[3,2-d]pyrimidine-2.4-diones, 

55, 199 

[l]Benzothieno[2.3- and 3,2-<f]pyrimidines, 
halogenation, 59, 320 
[ 1 )Benzothieno(3,2-6]pyrrole*, 1 -methyl-, 
bromination, 59, 283 
I- and 2-Benzothiophenes, see. resp., 
Benzo[6 and c]thiophenes 
Benzo[6]thiophenes, chlorination, 59, 252 
Benzo[6)thiophenes, 2-o-aminophenyl-, 56, 
126 

Benzo(6]thiophene 
halogenation, 57, 294 
iodination, 59, 254 
resonance energy, 56, 352 
Ru, Ir complexes, 58, 150 
Benzo[6]thiophene, 3-benzoyl-, reaction 
with hydrazine. 56, 128 
Benzo[6]thiophene, 3-bromo-, 
chlorination, 57, 293 
Benzo[6]thiophene, 4-fluoro-, 60, 17 
Benzo[6]thiophene. 4.5,6,7-tetrafluoro-2,3- 
dihydro-2-methyl-, 60, 28 
Benzo[c]thiophenes, resonance energy, 

56, 352 

Benzo[c]thiophene, 4,5,6,7-tetrafluoro-, 

59, 14 

4/f l-Benzothiopyran, 5,6,7,8-tetrahydro-, 
x-ray crystal structure, 59, 228 
4//-l-Benzothiopyrans, 2,4-diaryl-5,6,7,8- 
tetrahydro-, 58, 181 

l//-2-Benzothiopyran, 6,8-di-t-buty 1-3.4- 
dihydro-4,4-dimethyl-, 55, 10 
l-Benzothiopyran-2-one, bromination, 59, 
301 

[l]Benzothiopyrano[2,3-«/]pyrimidine-2,4- 
diones. 55, 192 
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1-Benzothiopyrylium ions, 5,6,7,8- 
tetrahydro- 
formation, 60, 122-3 
oxidative dimerization of anhydrobase, 

60, 125 

1-Benzothiopyrylium ion, 5,6,7,8- 

tetrahydro-2,4-diphenyl-, reduction, 

60, 139 

1-Benzothiopyrylium ion, 5,6,7,8- 

tetrahydro-2-phenyl-, isonitrosation, 
60, 133 

1.2.4- Benzotriazine 1-oxide, 3-amino-, 
condensation with 2-bromomethyl 1,3- 
dioxolan, 59, 95 

[1,2,4]Benzotriazines, 3-hydrazino- 
cyclization with orthoesters, 59, 141 
reaction with nitrous acid, 59, 152 
Benzotriazoles, reaction with 6-azido- 
uracils, 55, 186 
Benzotriazole 
chlorination, 59, 272 
fluorination, 59, 272 
2/7-Benzotriazoles, 2-aryl-4-arylazo-, 

56,95 

Benzotriazole, 1-chloro- 
chlorination of heterocycles by. 59, 258, 
284. 303 

formation, 59, 272 
[ 1,2,3]Benzotriazolo[ 1,2-6](l ,2,3]- 

benzotriazoles, bromination, 59, 285 

2.1.3- Benzoxadiazole*, bromination, 59, 
277 

2.1.3- Benzoxadiazole, 4,7-dinitro-, chloro- 
denitration, 59, 277 

2,1 -Benzoxatelluroles-7V lv , 1 -butyl-1 -halo- 

1,3-dihydro-, 58, 64 
2,1 -Benzoxatelluroles-7V lv , 1 -chloro-3- 
aryl-, 58, 61 

1.4- Benzoxathiin, reaction with bromine, 
59, 307 

1,2-BenzoxazoIes, see 1,2-Benzisoxazoles 
Benzoxazoles 
basicity, 58, 58 
halogenation, 59, 274 
lithiation, 56, 220 

Benzoxazoles, 2-substituted, ipso attack in 
rearrangements of, 56, 133 
Benzoxazoles, 2-benzamido-, formation in 
photorearrangement, 56, 82 
Benzoxazoles, 2-chloro-, 59, 274 


Benzoxazoles, 7-lithio-, 56, 221 
Benzoxazoles, 2-perfluoroalkyl-, 60, 24 
Benzoxazole, 2-phenyl, 2',7-dilithio-, 56, 
221 

Benzoxazole, 2-trimethylsilyl-, 
-trimethylstannyl-, 56, 221 
Benzoyl isocyanide*, possible intermediate 
in fragmentation, 56, 80 
Benzoylacetone, reaction with 
ethylenediamine, 56, 4 
Benzoylation of uracils, photochemical, 
using diphenyl-1,3,4-oxadiazole, 55, 

150 

Benzvalene, reactivity in cycloadditions, 
60, 272 

Benzyl isocyanide, reaction with 

bistrifl uoromethyl-1,2,4,5-tetrazine, 

59, 23 
Benzyne 

cycloaddition to vinyl isocyanates, 57, 
47, 49 

reaction with 5-anilino-l,2,3,4- 
thiatriazole, 56, 112 

reaction with l,2,4-dithiazole-3-thiones, 
56, 119 

Benzynes, 3-acylamino-, oxazole 
formation via, 56, 221 
Beryllium-containing four-membered rings, 
56, 339, 381 
Betaines 

heterocyclic (review), 60, 197 
nomenclature, 60, 202 
reactivity, 60, 243-50 
structure and physical properties, 60, 
222-43 

types of, 60, 198-201 

Betaines, mesomeric, [l,2,4]triazolo[l,5-a]- 
pyrimidines, 57, 109 

Betaines, with l.n-alkylene linking groups 
calculations, 60, 240 
difficulties with crystallography, 60, 236 
elimination reactions, 60, 246 
formation, 60, 210, 211, 214-5, 216 
nmr spectra, 60, 224-5 
Betaines, with methylene linking group 
dipole moments, 60, 232, 234 
formation 60, 205, 60, 210, 211, 216 
nmr spectra, 60, 224-5 
theoretical calculations, 60, 237 
x-ray crystal structures, 60, 235-7 
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Betaines, with 1,4-phenylene linking group 
difficulties of dipole moment 
measurement, 60, 232 
formation, 60, 211 

Betaines, with 1,2-vinylene linking group 
double bond rotation barriers, 60, 226 
formation, 60, 205, 208-9, 213-4, 216 
nmr spectra, 60, 224-6, 227 
theoretical calculations, 60, 240-1 
Bicyclo[2.2.0]hexa-2,5-dienes, see Dewar 
benzenes 

Bicyclomycin, synthesis, 57, 226, 236, 247, 
252 

Bicyclomycin rearrangement product, 
synthesis, 57, 224 

2,2'-Bifuran, 5,5'-dibromo-, 57, 306 
2,2'-Biimidazoles 
bromination, 57, 350 
chlorination, 57, 347 
2,2'-Biindolyl, synthesis, 56, 174 
1,l'-Biisoquinoline. formation from 
isoquinoline and LDA, 56, 245 
Bimanes, fluorination by acetyl 
hypofluorite, 59, 4 
Biological properties 
of heterocyclic betaines and precursors, 
60, 250-1 

of quinolizinium systems, 55, 351 
Biosynthesis of uracil, 55, 132 
3,3'-Bi-l,2,4-oxadiazole, 5,5'- 

bisltrifluoromethyl-, ring-opening by 
ammonia, 56, 56 

4,4'-Bipyranylidene, 2,2',6,6'-tetraphenyl-, 
formation, 60, 156 
Bipyridines, synthesis by catalytic 
stannane cross-coupling, 56, 276-7 
2,2'-Bipyridine, chlorination, 58, 273 
2,2'-Bipyridine di-N-oxide, reaction with 
POCI,, 58, 279 

2,2'-Bipyridine, 6.6'-dibromo-, formation, 
Br/Li exchange, 56, 229 
2,2'-Bipyridine, 4,4'-dichloro-. Ru complex, 
ethoxy-dechlorination in, 58, 162 
2,2'-Bipyridine, 4.4'-dilithio-3,3'- 
bis(silylethoxymethyl)-, 56, 239 
2,2'-Bipyridine, octachloro-, 58, 273 
4,4'-Bipyridine, acidity constants of Ru- 
coordinated species, 58, 133 
4,4'-Bipyridinediium (ion), 4,4'-dimethyl- 
(paraquat), electrochromism, 55, 341 


4,4'-Bipyrylium dication, 2,2'.6,6’-tetra-t- 
butyl-, reduction, ESR of monocation 
radical, 60, 90 

4,4'-Bipyrylium dication, 2,2',6,6'- 
tetraphenyl-, polarography, 60, 96 
2,2'-Biquinoline, from lithiation of 
quinoline, 56, 242 

1.1- Bis(2.3-dihydro-l,4-diazepinium-6-yl)- 
prop-2-yne 

formation, 56, 9 
reaction with aniline, 56, 34 
4.4'-Biselenopyrylium dication, 2,2',6,6'- 
tetra-t-butyl- 
formation, 60, 156 

reduction, ESR of monocation radical, 
60, 90 

Bismabenzene 

aromaticity estimates, 56, 328, 358 
dimerization, 56, 359 
Bis(perfluoroalkanoyl) peroxides, 

fluoroalkylation of heterocycles by, 
59, 8 

Bis(pyrazol-l-yl)methane, kinetic and 
thermodynamic lithiation, 56, 185 

1.1- Bis(pyrazol-4-yl)prop-2-yne, 56, 34 
Bis(trifluoromethylsulfonyl)imide, N- 

fluoro-, fluorination by, 59, 4 
Bis(trifluoromethyl)tellurium, 

trifluoromethylation using, 60, 10 
4,4'-Bitelluropyranylidene 1,1 -dioxide, 
2,2',6,6'-tetraphenyl-, 60, 140, 157 
4,4'-Bitelluropyrylium methane dication, 
2,2',6,6'-tetra-t-butyl-, from anhydro- 
base, 60, 119 

4,4'-Bitelluropyrylium dication, 2,2',6,6'- 
tetra-t-butyl-, reduction, ESR of 
monocation radical, 60, 90 
Bithiophenes, bromination, 57, 318 
2,2'-Bithiophene, 3,3',5,5'-tetrabromo-, 
partial debromination, 57, 318 
Bi(4//-thiopyran-4-ylidene)s, 59, 217, 222 
2,2'-Bithiopyranylidene, 4,4',6,6'- 
tetraphenyl-, formation, 60, 149 
4,4'-Bithiopyranylidene, 2,2',6,6'- 
tetraphenyl- 
formation, 60, 156 
IR and UV spectra, 60, 78 
oxidation. 60, 121 

4.4'-Bithiopyrylium dication, reduction, 
ESR of monocation radical, 60, 90 
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4,4'-Bithiopyrylium dication, 2,2',6,6'- 
tetra-t-butyl- 
formation, 60, 156 

reduction, ESR of monocation radical, 
60, 90 

4,4'-Bithiopyrylium dication, 2,2',6,6'- 
tetraphenyl- 
formation, 60, 121 
1R and UV spectra, 60, 78 
polarography, 60, 96 
Biuracils, lj'-linked, photocyclization, 
photo-cleavage, 55, 142 
(±)-Blastmycinone, synthesis via 
isoxazoline, 60, 301 
Blocking groups 
in metalation reactions, 56, 161 
in thiazole lithiation, 56, 223 
Borabenzene, see Borin 
Boracyclobutadiene, calculations, 56, 361, 

362 

Borane, ethynyi-, and isomers, 
calculations, 56, 371 
Boratetrahedrane, calculations, 56, 361, 

363 

Borates, tributyl pyridyl-, synthetic uses. 
56, 278 

Borazarenes, fused, halogenation, 59, 309, 
328 

Borazine, aromaticity estimates/indices, 
56, 342 

Borepin, calculations, resonance energies, 
56, 364, 377 

Borete*, calculations, 56, 361, 362 
Borins, calculations, 56, 359 
Borin, Julg A index, 56, 339 
Borin, 1-carbonyl complex, calculations, 
56. 362 

Borinide, 1-diazonio-, calculations, 56, 362 
Borinide, 1-(1-pyridinio)-, calculations, 56, 
359 

Borirane, calculations, 56, 371 
Borirenes, syntheses, 56, 370 
Borirene, calculations, resonance energies 
56, 364 

Borirene, trimesityl-, structure, synthesis, 
56, 371 

Borneol, chiral auxiliary in nitrile oxide 
cycloadditions, 60, 287-8 
Borole, calculations, resonance energies, 
56, 364 


Borole, pentaphenyl-, stability, 56, 375 
Boron complexes, of acyltetramic acids, 

57, 157 

Boron neutron capture therapy, 
isoxazoline deriv, 60, 297 
Boroxine, aromaticity estimates/indices, 

56, 342 

Brevianamides, syntheses, 57, 219 
Bridgehead carbanion alkylation, 57, 219, 
242 

Bromacil, structure, 55, 134 
Bromination 
methods of, 57, 295 
rates of reaction of Br 2 with pyrrole, 
furan, thiophene, 57, 330 
of acridines, 59, 295 
of 2-aminopyrazine and its 1- and 4- 
oxides, 58, 318, 319 
of 6-aryl-l,2,3,4-tetrahydro-l- 
methylpyridines, 56, 271 
of azepines and diazepines, 58, 328 
of benzimidazoles, 59, 270-1 
of 1,2- and 2,1-benzisoxazoles, 59, 

272-4 

of benz(ry][2,7]naphthyridine, 59, 333-4 
of benzo- and dibenzo- 1,2-aza- and 
1,2,3-diaza-borines, 59, 309 
of benzofurans, 59, 247-50 
of benzofurazans, 59, 277 
of benzo[h]selenophenes, 59, 268 
of 2,1,3-benzothiadiazoles, 59, 278 
of benzo[/>]thiophenes, 59, 253 
of 1,3,5,2,4-benzotrithiadiazepine, 58, 

328 

of carbazoles, 59, 267 
of 2Ef-l,2,3-diazaphospholes, 57, 374 
of dibenzofuran, 59, 250 
of 2,3-dihydro-1,4-diazepines and salts, 
56, 25, 27, 30 

of 1,4-dioxins and 1,4-dithiins, 58, 325 
of l,3-diphenylfuro[3,2-c]pyrazole, 58, 
247 

of l,2-diphenylimidazo[l,2-a]- 
benzimidazole, 58, 248 
of 5-ethyl-l,2-dimethyl-l,2-dihydro-l,2,3- 
diazaborine, 58, 327 
of furans, 57, 305 
of furo-pyrazoles*, 59, 280 
of furo-pyridines, 59, 311 
of furo[3,2-h]indo!e, 59, 280 
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of 6-hydrazinouracils, 55, 176 
of imidazo-fused five-membered 
heterocycles, 59, 283, 284 
of imidazo-fused six-membered 

heterocycles, 59, 315, 320-3, 325, 
326, 329 

of imidazoles, 57, 349 
of indoles 260-5 
of indolo-fused six-membered 
heterocycles, 59, 310-1 
of isoquinolines. 59, 296-7 
of isoselenazoles, 57, 369 
of isoxazoles, 57, 361 
of methyl groups in thiopyrylium ions, 
60, 134 

of 2-methyl-2/f-cyclopenta[c)pyridazine, 
59, 302-3 

of naphtho[l,2- and 2,l-6]thiophenes. 

59, 254 

of naphthyridines, 59, 331-3 
of oxanthrenes, 59, 306 
of 1,3-oxazines and 1,3-thiazines, 58, 

326 

of oxazoles, 57, 363 
of phenotellurazines, 58, 107 
of phenothiazines, 59, 307-8 
of phenoxazine, 59, 307 
of 2-phenylimidazof 1,2-«]pyridine, 58, 
257 

of 2-phenyloxazo!e, 58, 239 
of l-phenylpyrazole, 58, 227 
of 1-phenylpyridinium ion, 58, 250, 284 
of 1-phenylpyrrolidine, 58, 218 
of 6-phenylpyrrolo[2,l-6]thiazole, 59, 

283 

of pyranones, 58, 296-8 
of pyrans, 58, 296 
of pyrazoles, 57, 341 
of pyrazolo-fused five-membered 
heterocycles, 59, 280, 283-4 
of pyrazolo-fused six-membered 

heterocycles, 59, 314. 320, 325, 326, 
328 

of pyridines, 58, 281-9 
of pyridines fused to six-membered 
heterocycles, 59, 330-7 
of pyridones, kinetics. 58, 284-6 
of pyrimidines, 58, 305-9 
of pyrimidones, kinetics and mechanism, 
58, 306-9 


of pyrroles, 57, 330 
of pyrrolo-fused five-membered 
heterocycles, 59, 282. 283 
of pyrrolo-fused six-membered 

heterocycles, 59, 309, 319, 326, 329 
of pyrylium salts, 58, 295 
of quinolines, 59, 288-93 
of quinolizinones and quinolizinium 
ions, 55, 342, 59, 330 
of selenazoles, 57, 369 
of selenolo-pyrazoles, 59, 283 
of selenophene, 57, 334 
of sydnones. 57, 370 
of telluranthrene, 58, 97 
of 2,4,4,6-tetraphenyl-47/-thiopyran, 59, 
216 

of tetrazolo[ 1,5-6 and 5,1-a*]- 
isoquinolines, 59, 317 
of tetrazolo[l ,5-<v]pyridine, 59, 317 
of thiadiazoles, 57, 372 
of thianthrene and oxides, 59, 306 
of thiazoles, 57, 366 
of thiazolo-fused five-membered 
heterocycles, 59, 283, 284, 285 
of thiazolo-fused six-membered 
heterocycles, 59, 318, 324 
of thieno-benzothiophenes, 59, 282 
of thieno-fused six-membered 

heterocycles, 59, 311-4, 319, 328, 329 
of thieno-pyrazoles, 59, 283 
of thieno-pyrroles, 59, 282-3 
of thieno-thiophenes, 59, 281 
of thiophenes, 57, 315 
of triazines, 58, 321-4 
of 1,2,3-triazoles, 57, 356 
of 1,2,4-triazoles, 57, 358 
of 1,2,4-triazolo-fused six-membered 
heterocycles. 59, 316-7, 324, 325, 
327, 328 

of [1.2,4]triazolo[l,5-a]pyrimidines, 57, 
113 

of trithiadiazepines and 

trithiatriazepines, 58, 328 
Bromo-delithiation 
of 6-aryl-1,2,3,4-tetrahydro-1- 
methylpyridines 56, 271 
of tetrathiafulvalenes, 57, 374 
of thiophenes, 57, 320 
Bromo-demercuration, of thiophenes, 57, 
320 
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3-Bromo-6-dimethylamino-l-azafulvene 
dimer, 56, 171 

Bromodimethylsulfonium bromide, 

generation, indole bromination by, 59, 
264 

Bromonitrile oxide, see Formonitrrle 
oxide, bromo- 
Bronchodilators 

imidazo[5,l-/][l,2,4]triazines, 59, 104 
[l,2,4]triazolo[l,5-a)pyrimidines, 57, 127 
Bronsted correlations, in base catalysis of 
3-acyl-1,2,4-oxadiazole arylhydrazone 
rearrangement, 56, 85 
Bucolome, structure, use, 55, 132, 133 
Bumepidil, vasodilator, 57, 127 
Buta-1,3-diene, cycloaddition to nitrile 
oxides, diastereoselection, 60, 282 
Buta-1,3-diene, 2-alkoxy- 
cycloadditions forming 3- and 4-alkoxy- 
dihydrothiopyrans, 55, 12 
cycloadditions forming alkoxy- 
dihydroselenopyrans, 55, 15 
Buta-1,3-diene, 2,3-dimethyl- 
cycloaddn and ene reactions with ArNS, 
55,21,24 

cycloaddn to monothioglyoxal, 55, 10 
cycloaddn to selenoaldehydes, 55, 16, 18 
cycloaddn to telluraldehydes. 55, 19 
Buta-1,3-diene, 2,3-dimethyl- 
cycloaddition to hexafluoroacetone 
azine, 60, 34 

reaction with pentafluoronitroacetone, 
60, 34 

Buta-1,3-dienes, l-(2-pyridyl)-, from 
quinolizinium ion ring-opening, 55, 

343 

Buta-l,3-diyne, reaction with 
ethylenediamine, 56, 9 
Butane-2,3-dione, perfluoro-, heterocycles 
from, 59, 17 

Butane-1,3-dione, 1-phenyl-*, reaction 
with ethylenediamine, 56, 4 
But-2-ene, perfluoro-, cyclocondensations 
with 1,2-dinucleophiles, 60, 17 
But-2-en-l-ol, cycloaddition to nitrile 

oxides, effect of Mg butoxide, 60, 274 
But-3-enylaminyl radicals, fragmentation, 
58, 3 

But-l-en-3-ynes, 1-dialkylamino-, reaction 
with ethylenediamine, 56, 10 


But-2-yne, I,4-bis(trifluoromethylthio)-, 
trifluoromethylthio-heterocycles from, 
59, 13 

Butynedioic acid, esters, see Acetylenic 
acids, esters 
But-2-yne, hexafluoro- 
cycloaddition 
to azides, 60, 37 

to 1-t-butoxycarbonylpyrrole, 60, 45 
to diazofluorene, 60, 37 
to furans, 60, 45 
to a-ketocarbene, 60, 40 
to oxazolium ylid, 60, 31 
to pyridinium ylid, 60, 31 
to pyridinium ylids, 60, 37 
reaction with carbon disulfide, 60, 37 
But-2-ynoic ester, trifluoro-, cycloaddition 
to 2,5-dimethylfuran, 60, 44 
Butyrolactone, in quinolizinium ion 
synthesis, 55, 280-1 
Butyrolactone, 2-acetyl-, condensation 
with aminotriazoles, 57, 87 


c 

Caffeine, structure, 55, 135 
Calculations, see Theoretical calculations 
Carbaceph-2-em, 4/3-methyl-, synthesis via 
l-azetin-4-one. 58, 176 
Carbanions 

generation of non-basic species by 
fluoride-induced C-Si cleavage, 56, 
161 

on sp 2 carbon centers adjacent to 
heterocyclic N (review), 56, 155 
Carbapenem carbonitrile oxides, synthesis, 
60, 265 

Carbazoles, halogenation, 59, 266-8 
Carbazole, lithiation, 56, 182 
Carbazoles, 9-alkyl-, lithiation, 56, 182, 

184 

Carbazole, 9-chloro-, 59, 266 
Carbazoles, 9-methoxymethyl-, lithiation, 
56, 183 

Carbazoles, 9-phenyl-, lithiation, 56, 191 
Carbazole, 9-propargyl-, reaction with 
TeCl 4 , 58, 112 

Carbazole, l,2,3,4-tetrahydro-9- 

methoxymethyl-, lithiation, 56, 183 
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Carbazole, 9-vinyl-, bromination, 59, 268 
Carbenes 

Rh-cataiysed intramolecular insertion 
into thiophene, 59, 204 
cycloaddition to uracils, 55, 1% 
Carbene, 5,6-cycloadduct with 2 H- 
thiopyran, 59, 225 
Carbenes, a-keto-perfluoroalkyl-, 
generation, trapping, 60, 40 
Carbenes, Fischer, reaction with N- 
(hexafluoroisopropylidene) amides, 

60, 40 

Carbodiimide, AI-benzyl-AT-lithio-, 56, 210 
Carbodiimides, o-styryl-. generation, 
electrocyclization, 57, 36 
Carbodiimides, iV-(o-styryl)-JV'-(/3-styryl|-, 
a-carbolines from, 57, 50 
Carbodiimides, vinyl-, generation, uses in 
synthesis, 57, 36, 49 
Carbolines, see entries under the 
appropriate Pyrido-indole names 
Carbon, as pivotal atom in 

rearrangements, 56, 122-43 
Carbon disulfide 

in cyclizations, 59, 54, 77, 110, 123, 129, 
132, 141, 147 

reaction with 5-dimethylamino-1,2,4- 
dithiazol-3-imines, 56, 119 
reaction with hexafluoro-2-butyne, 60, 37 
Carbon monoxide, generation of N-(a- 
lithioformyl) pyrrolidines, etc. using, 

56, 259 

Carboxylic acids, 0-hydroxy-, synthesis 
via isoxazolines, 60, 298, 301 
Cardiotonics, 2,4,6,8- 

tetraazatricyclo[5.2.2.0 : ' 6 |undecane- 
3,5,9-triones*, 59, 126 
Carmofur, structure, 55, 133 
Catalysis, by amines, of 3-acyl-l,2,4- 
oxadiazole arylhydrazone 
rearrangement, 56, 87 
Catalytic activity, of piperazine-2,5-diones, 

57, 276 

Cations, polycyclic aromatic nitrogen 
(review), 55, 261 
Cesium fluoroxysulfate 
fluorination of 
benzotriazole anion, 59, 272 
heterocycles, 60, 7 
stannylimidazoles. 57, 355 


Charge transfer complexes, see Complexes 
Charge transfer spectra, see Electronic 
spectra 

Cheletropic reactions, dimethylgermylene 
to 1-azabuta-l,3-dienes, 57, 5 
Chemotherapeutic agents 
isoxazolines, 60, 297 
thiopyrylium salts, 60, 172 
Chiral auxiliaries, in diastereoselective 
cycloadditions of nitrile oxides, 60, 
286-94 

Chiral induction, in piperazine-2.5-dione- 
catalyzed reactions, 57, 276 
Chlorination 
methods of, 57, 294, 336 
of acridines, 59, 295 
of benzimidazoles. 59, 270 
of 1,2- and 2,1-benzisoxazoles, 59, 273 
of benzo- and dibenzo- 1,2-aza- and 
1,2,3-diaza-borines, 59, 309 
of benzofurans, 59, 247 
of 2,1,3-benzothiadiazoles, 59, 278 
of benzothiazoles, 59, 275-6 
of benzo[6]thiophenes, 59, 252 
of benzotriazoles, 59, 272 
of benzoxazoles, 59, 274 
of carbazoles, 59, 266 
of dibenzofuran, 59, 251 
of 2,3-dihydro-1.4-diazepines and salts, 
56, 28 

of furans, 57, 304 
of imidazoles. 57, 347, 346 
of indoles 255-9 
of isoquinolines, 59, 296 
of isoxazoles, 57, 360 
of 2-methyl-2//-cyclopenta[r]pyridazine, 
59, 302-3 

of oxazoles, 57, 363 
of perimidine, 59, 303 
of phenazine. 59, 306 
of phenothiazines, 59, 307-8 
of phenoxazine, 59, 307 
of 5-phenylthieno[3,2-e]-l ,4-diazepin- 
2(3W)-one, 58, 260 
of pyrazoles, 57, 336 
of pyridazines and pyridazinones, 58, 
298-300 

of pyridines, 58, 272-81 
of pyrimidines, 58, 301 
of 2-pyrones, 58, 297 
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of pyrroles, 57, 324 
of quinazoiinones, 59, 303 
of quinolines, 59, 286-8 
of quinoxalines, 59, 304 
of selenophene, 57, 334 
of sydnones, 57, 370 
of 2,4,4,6-tetraaryl-4tf-thiopyrans, 59, 
216 

of thiazoles, 57, 366 
of thieno-pyridines, 59, 311, 313-4 
of thieno-thiophenes, 59, 281 
of thiophenes, 57, 310 
of 1,2,3-triazines, 58, 321 
of 1,2,4-triazoles, 57, 358 
Chlorine monoxide, reaction with indole, 
59, 256 

Chloroacetaldehyde oxime, 2-carbon 
cyclization using, 55, 287 
/V-Chloroamides, chlorinating agents for 
pyrroles, 57, 326 
yV-Chloroamines 
radical cyclizations from, 58, 19 
radicals by photolysis of, 58, 10 
Chlorocarbonylsulfenyl chloride, reaction 
with 5-aminouracils, 55, 153 
Chlorodimethylsulfonium chloride, 

generation, indole chlorination by, 59, 
258 

Chloroperoxidase 
catalysis by, 58, 302 
in chlorination of pyrazoles, 57, 337 
Chlorophyll, thioaldehyde synthetic 
intermediate to, 55, 3 
Chlorosulfonyl isocyanate, reaction with 2- 
arylhydrazono-3-oxobutanoate, 59, 148 
Chromatography, of [l,2,4]triazolo[l,5-a]- 
pyrimidines, 57, 106 
Chrom-3-enes, see 2W-l-Benzopyrans 
Chromium tricarbonyl complexes 
of 3,5-diphenyl-l-(alkyl- or oxido-)- 
thiabenzenes, 59, 206, 227 
indoles, lithiation of, 56, 181, 184 
of pyridine, 58, 160 
pyridines, lithiation of, 56, 230, 239 
of 2W-thiopyrans, 59, 227 
Chromones, see l-Benzopyran-4-ones 
Cinnamonitrile, a-cyano-, condensations 
with thio-, seleno-amides, 59, 184, 186 
Cinnoline, nitration, MO calculation, 59, 
302 


Cinnoline I-oxide, 3-methyi-4-phenyl-, 
nitration, 58, 256 

Cinnolin-3-ones, hydroxy-, iodination, 59, 
302 

Claisen rearrangements, see 
Rearrangements 

Cobalt, cyclopentadienyl complexes with 
thioformaldehyde, 55, 14 
Cocaine analogs, isoxazolines, 60, 297 
Coenzyme factor 420, synthesis, 55, 192 
Colloidal media, iodination of pyrazoles in, 
57, 344 

Comenic acid, bromination, 58, 297 
Complex induced proximity effect, in 
heterocyclic metalations, 56, 160 
Complexes, charge transfer 
tetraphenyl-4,4'-bithiopyranylidene with 
I 2n + 1 -, 60, 78, 91 

triphenyl-pyrylium and -thiopyrylium 
polycyanomethytides, ESR, 60, 90 
triphenylthiopyrylium 

polycyanomethylides and 
congeners, electrical conductivity, 
60, 99 

Complexes, charge-transfer 
of fused 1,2-dichalcogenoles, 58, 73 
of phenoxachalcogenins with acceptors 
formation, 58, 101 
thermodynamic parameters, 58, 102 
of tetratellurafulvalenes, 58, 81 
Complexes, charge transfer, azonia- 
aromatics with TCNQ, 55, 352 
Complexes, see also Ligands, coordinated, 
and the various metals 
Condensation reactions, forming vinylene 
betaines, 60, 216 

Condensed heterocycles, syntheses using 
directed lithiation, 56, 279 
Configuration, piperazine-2,5-diones, 2- 
alkylidene-, 57, 223 
Conformation 

2,3-dihydro-1,4-diazepinium salts 
in solid state, 56, 16 
in solution, 56, 19 

of a 2,2'-dithiopyrylio-methane, 60, 85 
of a 2,2'-dithiopyrylio-monomethine, and 
0,S and 0,0 congeners, 60, 73, 85 
of /V-ethylphenotellurazine, 58, 108 
inversion of — in 1,4-oxa-thia/selena/ 
telluranes, 58, 88 
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of phenoxatellurins, teliuranthrenes. 58, 
108 

of piperazine-2,5-diones, 57, 200 
8-Coniceine (alkaloid), synthesis, 57, 20 
Conjugated circuits model resonance 
energy (CCMRE), 56, 305, 314 
Convicine, structure, 55, 133 
Coordinated ligands, reactions of (review), 
58, 123 

Coordination chemistry of heterocyclic 
ligands, review listing, 58, 164 
Cope rearrangements, see Rearrangements 
Copper derivatives 
of aza-heterocycles, 56, 162 
of indoles, 56, 184 

in sec. amine lithiocarbonylations, 56, 
259 

Coralyne, synthesis, 55, 289 
Cordycepin analogs, O-protected, 
lithiation, 56, 205 

Coronands incorporating thiopyrylium ring 
NMR effects, 60, 86 
synthesis, 60, 102 

Corrosion inhibitors, [ 1,2,4]triazino[4,3- 
ujbenzimidazoles, 59, 155 
Coulson-Rushbrook theorem, 55, 273 
Coumarins, see l-Benzopyran-2-ones 
Coupling reactions, trifluoromethyl iodide 
with aryl halides, 60, 12 
Covalent hydration 
in 6-nitro-[ 1,2,4]triazolo[ 1,5-a]- 
pyrimidines, 57, 107 
of coordinated ligands, 58, 138 
Creutz-Taube ion, 58, 124 
Criss-cross cycloadditions, of 

trifluoromethyl azines. 60, 31-2 
Criteria of aromaticity, 56, 306 
Cross-coupling reactions, heteroaryl 
organometallics in, 56, 276-8 
Crotonic ester, 3-amino-, condensation 
with isocyanates, 55, 137 
Crotonic ester, 3-amino-4,4,4-trichloro-, 
reaction with SCI,, 55, 9 
Crotyl alcohol, cycloaddition to nitrile 
oxides, effect of Mg butoxide, 60, 274 
Crown ethers 
fluorination, 59, 3 

Reichardt’s dye-related, 60, 221, 229 
use in fluoride exchange, 59, 3 
Cryptands, fluorination, 59, 3 


(±)-Cryptopleurine (alkaloid), synthesis, 
55, 300 

Curtius reactions, forming vinyl 
isocyanates, 57, 46 

Cyanamide, N-lithio-N-phenyl-, 56, 210 
Cyanates. reaction with 5-amino-1,2.3,4- 
thiatriazoles, 56, 115 
Cyanines, see Dyes 
Cyanodeoxythimidine (CNT), 55, 132, 

135 

Cyanuric acid, chlorination, 58, 324 
Cyanuric chloride, formation, use, 58, 

323 

[3.3.3]Cyclazine-l,3-dicarboxyIate, 
oxidative dimerization, 55, 310 
Cyclization, thermal, of /3-(2- 
chioroaryDvinylpyridines and 
analogues, 55, 290, 291 
Cyclization, photo-, of 1,1 '-linked 
biuracils, 55, 143 

Cyclization reactions, see the individual 
ring syntheses 

Cyclizations, by intramolecular nitrile 
oxide cycloaddition, 60, 306-14 
Cycloadditions 

acetylenic esters with 6-phosphoranyl- 
ideneaminouracils, 55, 231 
criss-cross, of trifluoromethyl azines, 60, 
31-2 

of dimethylthionitrosoamine, 55, 20 
of nitrile oxides to olefins (review), 60, 
261 

olefins with 5-methylenebarbituric acids, 
55, 174 

Cycloamination, intramolecular coplanar, 
57, 4 

Cyclobutadiene 

(anti)aromaticity estimates, 56, 311. 316, 
320, 330 

geometrical structure, 56, 318, 350 
Cyclobutadiene, hetero-substituted, 
antiaromaticity, 56, 344, 350 
Cyclobutaf 1,2-6:4,3-6']di pyridine, 
hexafluoro-, 59, 2 

Cyclobutanes, pyrimidinedione-fused, 
formation in photocycloadditions, 55, 
142-9 

Cyclobutanes, methylene- 
diastereoselectivity of cycloadditions, 

60, 278 
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regioselection of nitrile oxide 
cycloaddition, 60, 275 
Cyclobuta[rf|pyrimidine-2,4-diones, 6a- 
cyano-4a,6a-dihydro-, 55, 226 
Cyclobutenes, pyrimidino-fused, formation 
in uracil photocycloadditions, 55, 
148-9 

Cyclobutylamide, N-lithio-N-propyl, 
radicals from and fate of, 58, 6 
Cyclobutyliminyl radicals, generation, 
cleavage, 58, 18 

Cyclocondensation reactions, schemes of, 
60, 14 

j8-Cyclodextrin, enhancement of 

enantioselectivity of cycloaddition by, 
60, 294 

Cyclodextrins, cyclodipeptide-capped, 57, 
204 

Cyclohepta[6]furan-8-one, bromination, 59, 
252 

Cyclohepta[c']pyrro!-2-ium salt, 1,3,5,7- 
tetramethyl-2-phenyl-, use as oxidizing 
agent, 60, 110 

Cyclohepta[4,5]pyrrolo[ 1,2-o]imidazoles, 2- 
aryl-, halogenation, 59, 283 
Cyclohepta[4,5]pyrrolo[3,2-f)[l,2,4]triazine, 
3-chloro-10-(4-chlorobutyl)- 
5,6,7,8,9,10-hexahydro-, 59, 50 
3/7-Cyclohept(c]isoxazoles, 3a,4,5,6,7,8- 
hexahydro-, 60, 311-3 
Cyclohex-2-en-l-ones, 2- and 3-bromo-, 
regioselectivity of nitrile oxide 
cycloaddition, 60, 304 
Cyclols, piperazine-2,5-dione-related, 57, 
211-7 

Cycloocta-1,5-diene, reaction with 1,2,4- 
triazines, 57, 44 

Cyclopenta[6][ 1,4]benzodithiin, 1,1,2,2,3,3- 
hexafluoro-6-methyl-, 59, 11 
Cyclopentadiene 

trapping of selenoaldehydes by, 55, 15 
trapping of telluroaldehydes by, 55, 19 
trapping of thioaldehydes by, 55, 8 
trapping of thionitroso compounds by, 
55, 24 

Cyclopentadienium (cation), and aza- 
analogs, antiaromaticity, 56, 347 
Cyc)openta[4]imidazole, topological charge 
stabilisation, 56, 348 
2//-Cyclopenta[r]pyridazine, 2-methyl-, 
bromination, chlorination, 59, 302-3 


Cyclopenta[c]pyridin-7-one, 5,6-dihydro-3- 
methyl-1-propyl-, 57, 22 
Cyclopenta-pyridines, see also Pyrindines 
Cyclopenta[6]pyrrole, 6-hydroximino- 
octahydro-I-methyl. 58, 22 
Cyclopenta[6]selenopyran, 2,4a,5,6,7,7a- 
hexahydro-2-methyl-, synth, 55, 17 
Cyclopenta[r]thiopyran, protonation, 60, 
119 

Cyc)openta[6]thiopyran, 2,4a,5,6,7,7a- 
hexahydro-2-methyl-, synth, 55, 7 
Cyclopentene, perfluoro-, heterocycles 
from, 59, 11 

Cyclopentenes, 3-substituted, 

diastereoselectivity of cycloaddition, 
60, 277 

3W-Cyclopent[c]isoxazoles, 3a,4,5,6- 
tetrahydro-, 56, 264, 60, 310, 311 
Cyclopropa-fused uracils, formation and 
rearrangement, 55, 196 
Cyclopropanation, of 

benzylidenepiperazine-2,5-dione, 57, 
227 

Cyclopropanecarboxylic acid, 1-amino-, 
deuteriated, enantiospecific synthesis, 
57, 263 

Cyclopropane, 2,3-diamino-1,1-diphenyl-, 
stability of bis-anil, 56, 11 
Cyclopropanes, methylene- 
diastereoselectivity of cycloadditions, 
60, 278 

regioselection of nitrile oxide 
cycloaddition, 60, 275 
Cyclopropa[</]pyrimidine-2,4-diones, 4a,5a- 
dihydro-l,3-dimethyl-5-phenyl-, 55, 171 
Cyclopropa[6]pyrrole 1 -carboxylate, 

1,3a,4,4a-tetrahydro-, 
photoisomerization, 57, 8 
Cyclopropenes, reactivity in 
cycloadditions, 60, 272 
Cyclopropene, 3-azido-l ,2,3-tri-t-butyl-, 
thermolysis, 56, 355 
Cyclopropene, 1,2,3-tristrifluoro-3- 
trifluoroacetyl-, 59, 26 
Cyclopropene-3-carboxylate, 3-amino-1- 
phenyl-, 57, 268 

Cyclopropenide anion, structure, 56, 368 
Cyclopropylamine, N-t-butoxycarbony 1-1 - 
ethoxy, 58, 179 

Cyclopropylideneacetic esters, reaction 
with benzophenone imine, 57, 24 
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Cytarabine, structure, use, 55, 132, 135 
Cytidine, UV data, 55, 142 
Cytochalasin D, synth, 55, 12 
Cytosines, fluorination by acetyl 
hypofluorite, 59, 4 
Cytosine, and derivs 
bromination, 58, 309 
fluorination, 58, 311 
structure, 55, 133 
UV data, 55, 142 

Cytotoxicity, of 5-fluorouracil, 60, 3 


D 

Dealkylation, of azolium quaternary salts 
and betaines, 60, 244 
Deazaflavines, bent, 55, 192 
5-Deazalumazines, see Pyrido[2,3- 
</]pyrimidine-2,4-diones 
Deaza-purines, -flavines, etc., see the 
systematically-named ring systems 
4-Deazatoxoflavins, syntheses, 55, 182 
Dechlorination, catalytic, of chloro- 
[1,2.4]triazolo[ 1,5-a]pyrimidines, 57, 
125 

Dehalogenations, by phenoxatellurin, 

58, 98 

Dehydroalanine esters, N-arylidene-, 

57, 43 

Dehydrogliotoxin, synthesis, 57, 204 
Dehydrophenylalanine, cycloaddition of 
benzonitrile oxides, 60, 277 
(-)-Deoxynupharidine (alkaloid), synthesis, 
57, 19 

Deprotonation of uracil, 55, 132 
Desulfurization 

of 2-acylmethylthio-thiopyrylium ions, 
60, 135-6 

of pyrimido[4,5-6][l,4]thiazine-2,4- 
diones, 55, 172 
see also Sulfur extrusion 
Dewar benzene, hexafluoro-, reaction with 
phenyl azide, 60, 35 
Dewar furan, tetrakistrifluoromethyl-, 
thermolysis, 59, 26 
Dewar isomers of furan, pyrrole, 
thiophene, 56, 375 
Dewar pyridines, trifuoromethy!-, 
formation, rearrangement, 59, 26 


Dewar pyrroles, 2,3,4,5-tetrakis- 
trifluoromethyl-, synthesis from 
Dewar thiophenes, 60, 35 

Dewar resonance energies (DRE), of 
hydrocarbons and heteroaromatics, 

55, 274, 56, 309 

Dewar thiophene, tetrakistrifluoromethyl- 
reaction with azides, 60, 35 
reaction with trifluoromethyl- 
diazomethane, 60, 30 

1.2- Diaminoethane, see Ethane-1,2- 
diamine 

1.3- Diazaazulenes*, 2-amino, -hydroxy-, 
bromination, 59, 272 

2.4- Diazabicyclo[3.2.0Jhepta-2,6-diene, 

1,3,5,6,7-pentakistrifluoromethyl-, 

59, 26 

2.4- Diazabicyclo[4.1,0]heptane-3,5-diones, 
55, 196 

2.5- Diazabicyclo[2.2.2]octa-2,5-diene, 3,6- 
diethoxy-, 57, 263 

1.5- Diazabicyclo[3.3.0]-octanes and -octa- 

2,6-dienes, 60, 31-2 

2.4- Diazabicyclo[4.2.0]octa-2,4,7-triene, 8- 
pentyl-, 55, 197 

7.8- Diazabicyclo[4.2.0]octa-],3,5-triene, 
calculations, 56, 382 

2.4- Diazabicyclo[4.2.0]oct-l(6)-ene-3,5,8- 
trione, 2,4-dimethyl-, 55, 148 

1.8- Diazabiphenylene, hexafluoro-, 59, 2 

1.2.3- Diazaborine, 5-ethyl-1,2-dimethyl- 
1,2-dihydro-, bromination, 58, 327 

3.6- Diazacyclohepta-l ,2-dienes, as reaction 
intermediates, 56, 37 

2.3- and 3,4-Diazacyclopentadienones, see 
Pyrazolones 

2.5- Diazacyclopentadienones, see 2H- 
Imidazol-2-ones 

1,2,3,4- and 1,3,2,4-Diazadiborete, 

calculations on S 0 -S, splitting, 56, 346 

1.2- Diaza-l,3-dienes, use in synthesis, 57, 2 

1.3- Diaza- 1,3-dienes 
imidazoles from, 57, 60 
pyrimidinones from, 57, 67 

1.3- Diaza-l,3-dienes, 4,4- 
bistrifluoromethyl-, condensation with 
hydrazines, 60, 15 

1.3- Diaza-l,3-dienes, 2-(silyloxy-, 
silylthio)-, cycloadditions to, 57, 68 

1.4- Diaza-l,3-dienes, use in synthesis, 

57, 2 
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2.3- Diaza-l,3-dienes, bis- and tetrakis- 
trifluoromethyl-, 60, 31-3, 39 

5,8-Diazadodeca-3,9-diene-2,l1-dione, 4,9- 
dimethyl-, 56, 2 

U'-Diazaferrocene, octamethyl-, a 

coordination and electrophilic attack 
at N, 58, 145 

1.3.2- Diazagermines, 1,2-dihydro-, 57, 12, 
25-8 

1.5.2- Diazagermocines, 1,2-dihydro-, 
formation, reactions, 57, 25, 27 

1.6- Diazaphenalene, halogenation, 59, 
333-4 

2//-1,2,3-Diazaphospholes, reaction with 
bromine, 57, 374 

2X 5 -1,4,2-Diazaphospholes, 2,2,2,3- 
tetrahydro-3,3-bis(trifluoromethyl)-, 
57,61 

2A 5 -1,3,2-Diazaphosphorines, 1,2,2,2- 
tetrahydro-, 57, 12 

4.6- Diazasemibullvalene derivatives, from 
TCNE and 5-chloro-3-aza-l ,3- 
pentadiene, 57, 59 

1.3.2- Diazasilines, 1,2-dihydro-, 57, 12 

1.3.2- Diazasilines, 1,2-dihydro-2,2- 
diphenyl-, formation, reaction with 
DMAD, 57, 24 

1.5.2- Diazasilocines, 1,2-dihydro-, reaction 
intermediates, 57, 24-8 

8,13-Diazasteroids, synthesis, 57, 12 

2.4- Diazatricyclo[3.2.0'- 6 .0 5 ' 7 ]hept-2-ene, 

1.3.5.6.7- pentakistrifluoromethyl-, 

59, 26 

1.5- Diazatricyclo[4.2.0.0 2 - 5 ]octa-3,7-diene, 

3.7- difluoro-2,4,6,8- 
tetrakistrifluoromethyl-, 59, 25 

4.6- Diazatricyclo[3.3.0.0 28 ]oct-3-enes, 7- 
(dicyanomethylene)-8-cyano-, 57, 59 

3,5-Diazatricyclo[5.3.1.0 4 - 9 ]undecane-2,6- 
dione, 1,7,9-trimethyl-, chiral auxiliary 
in nitrile oxide cycloaddition, 60, 292 

4A/-1,2-Diazepines, 3,5,7-triaryl-, 
formation, 60, 154 

1.3- Diazepines, 1,2-didehydro- 
trifluoromethyl-, 59, 26 

1.3- Diazepine-2,4-diones, formation by 
uracil ring-expansion, 55, 196 

1A/-1,3-Diazepine, 2,4,5,6,7- 

pentakistrifluoromethyl-, valence 
isomers, 59, 26 


1,4-Diazepines, 2,3-dihydro- (review), 

56, 1 

1,4-Diazepines, 2,3-cyclopropa-fused 2,3- 
dihydro-, Cope rearrangements, 
deuteriation, 56, 39 

1,4-Diazepines, 2,3-diaryl-2,3-dihydro-, 
formation in Cope rearrangement, 

56, 10 

1.4- Diazepines, 2,3-di-t-butyl-2,3-dihydro-, 

56, 10 

1.4- Diazepine, 5,7-diethyl-2,3-dihydro- 

2.2.3.3- tetramethyl-, 56, 3 

1.4- Diazepines, 2,3-dihydro- 
basicity, 56, 11 

cycloadditions to nitrile oxides, imines, 
56, 38 

electrophilic substitution, 56, 23 
tautomerism. 56, 2, 11, 15 
uses, 56, 18 

1.4- Diazepine, 2,3-dihydro-5,7-dimethyl-, 
56, 3 

1.4- Diazepines, 2,3-dihydro-1,4-diphenyl-, 
bromination, 56, 27 

1.4- Diazepine, 2,3-dihydro-2,3-diphenyl-, 

2,3,6-triphenyl-, thermolysis, 56, 22 

1.4- Diazepines, 2,3-dihydro-5-o- 
hydroxyphenyl- 

fluorescence, 56, 18 
synthesis, 56, 8 

1,4-Diazepines, 2,3-dihydro-, methyl- and 
polymethyl-, stability, 56, 14 

1,4-Diazepines, 2,3-dihydro-6-nitro-, 
reduction, 56, 33 

1,4-Diazepines, 2,3-dihydro-pheny 1-, 

electrophilic substitution into phenyl, 

56, 24, 30 

1.4- Diazepines, 2,3-dihydro-6-phenyl-, 
methylation, 56, 32 

2//-1,4-Diazepines, 3,7-dimethoxy-, 57, 

265 

1.4- Diazepinediium salts, 2,3-dihydro-, 6- 
protonated dications, 56, 12, 16 

5H- 1,4-Diazepine-5-thiones, 4,6-dihydro-, 

57, 59 

1.4- Diazepinium salts, 6-alkoxy(aryloxy)- 

2.3- dihydro-, 56, 35 

1,4-Diazepinium salts, 6-amino-2,3- 

dihydro-, 56, 33 

1,4-Diazepinium salts, 6-aryl-2,3-dihydro-, 
reactions, 56, 30, 42 
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1,4-Diazepinium salt, 6-bromo-2,3- 

dihydro-, unreactivity of bromine to 
nucleophiles, 56, 36 

1,4-Diazepinium salts, 6-diazonio-2,3- 
dihydro-, 56, 33 

1,4-Diazepinium salts, 2,3-dihydro- 
(review), 56, 1 

1,4-Diazepinium salt, 2,3-dihydro-, 
unsubstituted, 56, 5, 15 

1,4-Diazepinium salts, 2,3-dihydro- 
acidity and basicity, 56, 11 
N-alkylation, 56, 24 
condensation with p- 

dimethylaminobenzaldehyde, 56, 30 
conformation 
in solid, 56, 16 
in solution, 56, 19 

conformational inversion by vtnmr, 56, 20 
electrochemistry, 56, 40 
halogenation, 58, 328 
spectra, 56, 17 

unsymmetrical, regiospecificity of 
synthesis, 56, 7 

1,4-Diazepinium salt, 2,3-dihydro-5,7- 
bis(trifluoromethyl)-, 56, 3 

1,4-Diazepinium salts, 2,3-dihydro-, 5-(t- 
butylamino)-, 56, 9 

1,4-Diazepinium salt, 2,3-dihydro-5,7- 
dimethyl-, 56, 3 

1,4-Diazepinium salts, 2,3-dihydro-1,4- 
dimethyl-, 56, 5, 34 

1,4-Diazepinium salts, 2,3-dihydro-1,5(7)- 
dimethyl-7(5)-phenyl-, 56, 4, 7 

1,4-Diazepinium salt, 2,3-dihydro-5,7- 
diphenyl-, electrochemical reduction, 
56, 41 

1,4-Diazepinium salts, 2,3-dihydro-6-iodo-, 
56, 28, 35 

1,4-Diazepinium salts, 2,3-dihydro-6- 
phenyl(-2,3-di(alkyl-, aryl-), dimer 
formation on electrochemical 
reduction. 56, 43 

1,4-Diazepinium salt, 5-ethoxy-2,3- 
dihydro-7-phenyl-, 56, II 

1,4-Diazepinium salts, 6-halo-2,3-dihydro- 
nucleophilic substitution of halogen, 

56, 35 

protiodehalogenalion, 56, 28, 33, 35 

1,4-Diazepinium salts, 1,4,6-triaryl-2,3- 
dihydro-, 56, 6 


1.4- Diazepinium salts, -2,3-dihydro-, 
derived free radicals, 56, 32, 40 

57/-l,4-Diazepin-5-one. 1,2,3,4-tetrahydro- 
7-phenyl-, ethylation, 56, 11 

1,2-Diazete, ISE calculations, 56, 344 

1.2- Diazete, 1,2-dihydro-, calculations, 56, 
381 

1.3- Diazete 

aromaticity estimates, 56, 311, 316, 346 
ISE calculations, 56, 344 

1.3- Diazete, 1,3-dihydro-, calculations, 56, 
350, 381 

1.3- Diazetidine-2,4-diimines, carbodiimide 
dimers, formation, reactions, 59, 133, 
148* 

Diazetine, see Diazete, dihydro- 
Diazirines, calculations, 56, 373 
Diazirine, 3-chloro-3-trifluoromethyl-, 
reaction with pyrrole, 59, 10 
3/7-Diazirine, 3-fluoro-3-methoxy-, 59, 3 
Diazo coupling 

of 2,3-dihydro- 1,4-diazepinium salts, 

56, 29 

of [ 1,2,4]triazolo[ 1,5-o]pyrimidines, 57, 
114 

Diazo transfer reactions 
forming triazolo-pyrimidines, 55, 156 
to tetramic acids, 57, 176 
Diazoacetic ester, cycloaddn to 
thioaldehyde, 55, 6 
Diazoacetic ester, a-lithio-, addition to 
thio- and seleno-pyrylium ions, 60, 160 
Diazoalkanes, trifluoromethyl-, 
cycloadditions, 60, 30 
2-Diazoazoles, cycloadditions, 59, 68-76, 
79, 85, 94, 97, 136 

1.3- Diazocine-2,4-dione, 7-pentyl-, 55, 197 

1.5- Diazocine, 3,7-difluoro-2,4,6,8- 
tetrakistrifluoromethyl-, 59, 25 

1.5- Diazocine-4-carboxylates. 1,2-dihydro- 
2-oxo-, 3-(Si-, Ge-)-substituted, 57, 
27-8 

[ 1,5]Diazocino[ 1,2-a:5,6-o']dibenz- 

imidazole, 6,7,14,15-tetrahydro-, and 
derivatives, 60, 246-7 
Diazomethane, phosphoryl-, reaction with 

2,6-di-t-butylthiopyrylium ion, 60, 161 
Diazomethane, trimethylsilyl-, 

cycloaddition to trifluoroacetonitrile, 
60, 39 
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Diazomethane, trimethylsilyl- 

diisopropylthiophosphinoyl-, reaction 
with NOC1, 60, 269 

Diazoniaanthra[l,2-a]anthracenes, 55, 308 
Diazoniadibenzo[h,/c]chrysenes, 55, 307 
10b,!4b-Diazoniadibenzo|W,7m]perylene- 
1,3,8,10-tetracarboxylate 55, 310 
5a,9a-Diazoniaheptaphene, 7,8-dihydroxy-, 
55, 309 

8a, lOa-Diazoniaphenanthrene, reduction 
potentials, 55, 340 
3a,5a-Diazoniapyrene, 55, 297 
2-Diazopropane, perfluoro-, cycloaddition 
to hexafluorothioacetone, 60, 40 
2-Diazopropionates, 3,3,3-trifluoro-, 
carben(oid) from, cycloadditions, 

60, 30 

Diazotization, of 6-amino-2,3-dihydro-l,4- 
diazepinium salt, 56, 33 
Dibenz[c,e][l ,2]azaborine, 5,6-dihydro-, 
chlorination, bromination, 59, 309 
Dibenz[i/]azepine, and 10,11-dihydro-, 
lithiation, 56, 273 
Dibenziodole( + 1) ions, 56, 338 
Dibenzo[a,c]carbazole, 7-methoxymethyl-, 
lithiation, 56, 183 

Dibenzo[l,4]dioxin, see Oxanthrene 
Dibenzo[c,e][ 1,2]diselenin, 2,3,8,9- 
tetramethoxy-, 58, 84 
Dibenzofuran 
bromination, 59, 250 
chlorination, 59, 251 
iodination, 59, 252 
lithiation, 59, 252 
thalliation, 59, 252 

Dibenzofuran, 3-amino-, chlorination, 59, 
252 

Dibenzofuran, 1- and 2-hydroxy- 
chlorination, 59, 251 
chloro-dehydroxylation, 59, 251 
Dibenzofuran, methoxy-, dimethoxy-, 
bromination, 59, 252 
Dibenzoj/,/i]quinazoline-2,4-dione, 1,3- 
dimethyl-, 55, 226 

Dibenzo[a/]quinolizinium (ion), 55, 264 
Dibenzo[a/]quinolizinium salts, synthesis, 
55, 291 

Dibenzo[a,g]quinolizinium (ion), 55, 264 
Dibenzo[a,g]quinoiizinium (ion), calculated 
electronic spectrum, 55, 324 


Dibenzo[a,g]quinolizinium salts, synthesis, 
55, 287 

Dibenzo[a,/i]quinolizinium (ion), 55, 265 
Dibenzo[a,/i]quinolizinium salts 
electrochromism, 55, 341 
synthesis, 55, 293 

Dibenzo(h,/lquinolizinium (ion), 55, 264 
Dibenzo[h,/)quinolizinium salts, synthesis, 
55, 290 

Dibenzo[6,g]quinolizinium (ion), 55, 264 
Dibenzo[i>,#]quinolizinium salts, 
syntheses, 55, 285 

Dibenzo[c,/]quinolizinium (ion), 55, 265 
Dibenzo[c/]quinolizinium salts, synthesis, 
55, 294 

Dibenzo[6/][!,4]tel!urazepine, 11-p-tolyl-, 

58, 112 

Dibenzo-l,4,5,8-tetratellurafulvalene, 

58,80 

Dibenzothiophene 
bromination, 59, 254 
reaction with XeF 2 , 59, 254 
Dibenzothiophenes, 4-halo-, 59, 254 
Dibenzothiopyrones, see Thioxanthones 
Dibenz[6/]( 1,4]oxazepines, polyfluoro-, 

59, 14 

1.2- Diborabenzene, 1,2-dihydro-, 
calculations, 56, 383 

1,4-Diborabenzene, 1,4-dihydro-, 
calculations, 56, 383 
Diboratetrahedrane, calculations, 56, 

380 

1.2- Diborete, 1,2-bisdiisopropylamino-1,2- 
dihydro-, 56, 380 

1.3- Diborete, 1,3-bisdiisopropylamino-1,3- 
dihydro-, 56, 380 

1,3-Diborete, 2,4-di-t-butyl-1,3-dihydro-1,3- 
bisdimethylamino-, 56, 380 

1.3- Diborete, 1,3-dihydro-, structure, 56, 
350, 380 

1.2- Diborin, 1,2-dihydro-, calculations, 56, 
383 

1.4- Diborin, 1,4-dihydro-, calculations, 56, 
383 

Dications, aromatic nitrogen, reduction 
potentials, 55, 338 

1.3- Dielectrophiles, fluorine-containing, 
examples, 60, 15 

Dienamino-iminium ion, chloro- 

N,N,N',N'-tetramethyl-, from 4- 
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chlorothiopyrylium ion and 
dimethylamine, 60, 152 

1,3-Dienes, reaction as dipolarophile 
components in cycloadditions, 60, 

273, 274, 277, 282 

Diethylaminosulfur trifluoride (DAST), 
uses, 60, 8 

Dihydromuscimol, GABA agonist, 
synthesis, 60, 297 
Diimidazol 1 ,2-b:2 ', 1 ’-/Ipyridazine, 
bromination, 59, 329 
Diiron enneacarbonyl, reaction with I- 
azabuta-1,3-diene, 57, 6 
Diisoquino(3,2-6:2',3'-_/)[3,8)- 

phenanthrolinediium (salt), 8,9- 
dihydroxy-, 55, 309 
Diketene 

application to tetramic acid synthesis, 
57, 144 

condensation with ureas, 55, 135 
photocycloaddition to 6-methyluracil, 

55, 148 
reaction with 
6-aminouracils, 55, 153 
4-amino-1-azabuta-1,3-dienes, 57, II 
barbituric acids, 55, 174 
Diketopiperazines, see Piperazine-2,5- 
diones 

Dimedone enol acetate, reaction with 
TeCl 4 , 58, 96 

Dimedone-derived heterocycles, 
rearrangements, 56, 66, 95 
Dimerization 

of dibenzo[£,g]quinazolinium salts, 55, 
285 

of 2,6-di-t-butylthiopyrylium ion and 
congeners, 60, 94 
of nitrile oxides, 60, 266 
oxidative, of thiopyrylium 
anhydrobases, 60, 125 
of pentaphenyl-pyranyl and -thiopyranyl 
radical, 60, 90 

photochemical, of thymine, 55, 141 
reductive, of thiopyrylium ions, 60, 137-9 
of 2,4,6-triphenylpyranyl radical, 60, 94 
of 2,4,6-triphenylthiopyranyl radical, 

60, 89 

Dimethirimol, structure, 55, 134 
Dimethyl acetylenedicarboxylate, see 
Acetylenedicarboxylic ester 


Dimethylaminyl radical, addition to a- 
methylstyrenes, 58, 3 

Dimroth rearrangement, see 
Rearrangements 

Dinaphtho[I,2-a:2',r-/i]quinolizinium 
(ion), 55, 307 

1.1- Dinitroalkanes, treatment of salts with 
N 2 0 4 , 60, 269 

1.3- Diols, synthesis via isoxazolines, 60, 
301 

2.4- Dioxabicyclo[ 1.1 .OJbutane*, 
calculations, 56, 382 

7,8-Dioxabicyclo[4.2.0]octatriene, 
calculations, 56, 382 

1.4- Dioxa-5,8-diazanaphthalene, 5,8- 
dihydro-, aromatic character, 56, 333 

1,4,2,5-Dioxadiazine*, bistrifluoromethyl-, 
60, 30 

Dioxan dibromide, brominating agent, 57, 
306 

1.4- Dioxan, 2,3-dihydroxy-, as glyoxal 
substitute in Westphal condensations, 

55, 304, 313 

1.6- Dioxa-6a7e lv -tellurapentalene, 2,5- 
diphenyl-, formation, structure, 58, 63 

1.6- Dioxa-6aS lv -thia-3,4-diazapentalenes, 

56, 113 

1.4- Dioxepins, fluoro-, 59, 10 

1.2- Dioxete*, calculations, 56, 382 

1.3- Dioxete*, 2,4-didehydro-, calculations, 
56, 350, 382 

1.4- Dioxin 

bromination, chlorination, 58, 325 
structure, calculations, 56, 384 

1.3- Dioxin-4-ones, 5-trifluoromethyl-, 
cycloadditions, 59, 23 

1.4- Dioxino[2,3-6]pyrazine, 5,8-dihydro-, 
aromatic character, 56, 333 

1.3- Dioxolan, 2-amino-2-trifluoromethyl-, 
60, 24 

Dioxolanes, alkenyl-substituted, 

diastereoselection of cycloadditions, 
60, 280-1, 285 

Dioxolanes, carbonitrile oxide-substituted, 
diastereoselection of cycloadditions, 
60. 284-5 

1.3- Dioxolane, 4-ethynyl-2,2- 
bistrifluoromethyl-, 60, 47 

1.3- Dioxolans, 2,2-(polyfluoroalkyl)-, 
insulating oils, 60, 47 
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1.3- Dioxolan-4-ones, 2,2- 

bistrifluoromethyl-, 60, 20 

1.3- Dioxole, 4,5-difluoro-2,2- 

bistrifluoromethyl-, monomer for 
polymer formation, 60, 47 

1.3- Dioxol-2-one, photocycloadducts with 
uracil, 55, 146 

Dipeptides, cyclization to 
piperazinediones, 57, 189 
Diphenylamine, in Skraup reaction, 55, 302 
Diphosphabenzvalene, 

tetrakistrifluoromethyl-, reaction with 
phenyl azide, 60, 35 
Dipole moments 
of azoles, 60, 230 

of heterocyclic betaines, 60, 229-33 
of oxanthrene, thianthrene, 

selenanthrene, telluranthrene, 58, 
109 

of phenoxathiin, phenoxaselenin, 
phenoxatellurin, 58, 109 

1.4- Di-(l-pyrazolyl)benzene, lithiation, 56, 

186 

Di-(l-pyrazolyl)methane, kinetic and 
thermodynamic lithiation, 56, 185 
Dipyrido[l ,2-6:1',2'-./][2,8]- 

phenanthrolinediium salt, 55, 298 
Dipyrido[1,2-6:2', 1 ’-j][2,9]- 

phenanthrolinediium salt, 55, 298 
Dipyrido[2,1-6:1' ,2'-/|[3,8]- 

phenanthrolinediium salt, 55, 298 
Dipyrido[ 1,2-o:2',]'-c]pyrazinediium (ion), 
reduction potential, 55, 340 
Dipyrimido[5,4-6:4',5'-j][4,7]- 

phenanthroline-1,3,10,12-tetrones, 5,8- 
dialkyl-2,11-dimethyl-, 55, 207 
Dipyrimido[4,5-6:5',4'-e)pyrans*, 
octahydro-, 55, 201 
Dipyrimido[4,5-c:5',4'-e]pyridazine- 

1,3,8,10-tetrone*, 2,4,7,9-tetramethyl-, 
55, 177, 207* 

Dipyrimido[4,5-6:5',4'-e]pyridines*, 
octahydro-, 55, 201 
Dipyrimido[4,5-6:5',4'-e][l,4]thiazine- 
2,4.6,8-tetrone*, 1,3,7,9-tetramethyl-, 
55, 202 

Dipyrrolo[l,2-a:2',l'-c]pyrazine, lithiation, 
56,212 

5 H, 10//-Dipyrrolo[ 1,2-a: l',2'-rf)pyrazine, 
2,7-dibromo-5,10-bis(dimethylamino)-, 
Br/Li exchange, 56, 171 


Dipyrrolo(3,4-6:3',4'-f]pyridine-l ,7-diones, 
2,3,4,5,6,8-hexahydro-, 57, 169 
Dipyrrolo[3,4-6.i',4'-f [pyridine-1,7-diones, 
2,3,5,6-tetrahydro-, 57, 149, 172 
2,2'-Dipyrromethanes, 5-bromo-5'- 
bromomethyl-. 57, 332 
2,2'-Dipyrromethane-5-thiocarbaldehyde 
deriv, 55, 3 

DiquinoIizino[6,5,4,3-afe:3',4',5',6'-g6/]- 
[4,7]phenanthridinediium (ion), 
1,3,8,10-tetraethoxycarbonyl-, 55, 310 
2,7-Diselena-l,3,6,8-tetraazapyrene, 
aromatic character, 56, 332 
Disilabenzenes, calculations, 56, 409 

1.4- Disilabenzene, hexamethyl-, formation, 
56,409 

Disilacyclobutadienes (disilets), 
calculations, 56, 409 

1.4- Disilin, hexamethyl-, formation, 56, 409 
Disproportionation, of thiopyrans, 59, 210 
Distortion 

steric overcrowding 

in bromo-2,3-dihydro-1,4-diazepines, 
56, 17 

in polymethyl 2,3-dihydro-l,4- 
diazepines, 56, 14 

Distortion energies (AE dis ) in 4- and 6- 
membered rings, 56, 320 

1.2- Ditelluracyclohexane, see 1,2- 
Ditellurane 

1.4- Ditellurafulvenes, 2,6-diphenyl- 
electrophilic substitution, 58, 77 
formation, 58, 50, 67, 74 

1.2- Ditellurane, synthesis, 58, 84 

1.3- Ditelluretanes, 2,4-dibenzylidene-, 
58,50 

1.2- and 1,3-DiteIluroles, halogenation. 57, 
374 

1.3- Ditelluroles 

electrochemical oxidation, 58, 76 
NMR spectra, 58, 77 
reactions, 58, 76 
synthesis, 58, 73 

1.3- Ditelluroles, 2-benzylidene-4-phenyl- 
nitrosation and diazo-coupling. 58, 77 
synthesis, 58, 50 

1.3- Ditellurolylium ion 
formation, rearrangement, 58, 83 
NMR, 58, 83 

1.4- Dithia-5,8-diazanaphthalene, 5,8- 
dihydro-, aromatic character, 56, 333 
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1.3.2.4- Dithiadiazane derivative, 
formation, 55, 23 

2,7-Dithia-l,3,6,8-tetraazapyrene, aromatic 
character, 56, 332 

5,5'-Dithia-I, r,3,3'-tetratellura-2- 
(pentalen-2-ylidene)pentalene, 
4,4',6,6'-tetramethyl-, 58, 79, 82 

1,6a-Dithia-3,4,6-triazapentalenes-6aS lv , 

56, 113 

1,4,2-Dithiazole, 3-amidino-, 1,1-dioxide*, 

56, 108 

5//-l,2,4-Dithiazole, 3-amino-5,5-dibromo-, 

57, 372 

1.2.4- Dithiazole-3-thiones, reaction with 
alkynes, cyanamides, 56, 119 

1.2.4- Dithiazole-3-thione, 
diphenylguanidino-, 56, 106 

1.2.4- Dithiazolidine-3,5-diimine, N,N‘- 
bis(dimethylaminothiocarbonyl)-, 56, 
118 

1.2.4- Dithiazolidine-3,5-diimine, 3 ,N- 
dimethyl-/V'-phenyl-, rearrangement, 
56, 118 

1.2.4- Dithiazolidin-3-one, 4-benzyl-5- 
benzylimino-, reaction with 
heterocumulenes. 56, 119 

1.2.4- Dithiazol-3-imines, 5-aryloxy-, 56, 

113 

1.2.4- Dithiazol-3-imine, 5-dimethylamino-, 
reactions with heterocumulenes, 56, 
118 

1.2.4- Dithiazol-3-imine, 5-dimethylamino- 
N-phenyl-, rearrangement. 56, 118 

1.2.4- Dithiazolium salt, 5-dipropylamino-3- 
(dimethylureido)-. reversible 
rearrangement, 56, 119 

Dithienobenzenes, see Benzodithiophenes 

1.4- Dithiins, halogenation, 58, 325 

1.4- Dithiin, structure, calculations, 56, 384 

1.4- Dithiin 1-tosylimine, 2,5-diphenyl-, 

55, 23 

[l,4-)Dithiino[2,3-u , :5.6-£/']dipyrimidine- 
2,4,7,9-tetrones, 55, 199 

[l,4]Dithiino[2.3-6]-l ,4-dithiins, see 
Tetrathianaphthalenes 

1.4- Dithiino[2,3-6]pyrazine, 5,8-dihydro-, 
aromatic character, 56, 333 

Dithioacetic ester, a-lithio-, condensation 
with a/3-unsaturated aldehydes, 59, 183 

1,3-Dithiolans, ylides from, fragmentation, 
55, 7 


1,3-Dithiolan, 2-amino-2-trifluoromethyl-, 
60, 24 

1.2- Dithioles, 3-(a-thioxoalkylidene)-, 
photochemistry, 56, 121 

1.3- Dithioles, 2-(2-thioxoalkylidene)-, 

preparation, structure. 55, 4 

1,3-Dithioles, 2-(/3-iminoalkylidene)-, 56, 
103 

1,3-Dithioles, 2-(/3-thioxoalkylidene)-, 56, 
122 

l,2-Dithiole-3-thiones, 4-subst, reaction 
with acetylenes, 55, 4 

1.2- Dithiole-3-thiones, reaction with 
activated alkynes, 56, 122 

1.3- Dithiole-2-thione, chlorination by 
POCIj/PClj, 57, 374 

1.2- Dithiol-3-imines, reaction with 
activated alkynes, 56, 122 

1.2- Dithiolium ion, 4-phenyl-, reaction 
with ethylenediamine, 55, 4 

1.2- Dithiolium ions, 3,5-diaryl-, 
condensation with 2-methyl-4,6- 
diphenylthiopyrylium, 60, 131-3 

1.3- Dithiolium salt, 2-chloro-, 57, 374 
Diuretics, uracil derivs, 55, 132 
Domino double nucleophilic cyclization, 

forming pyrido[2,3-d]pyrimidine-2,4- 
diones, 55, 216 

Double bond energies, H 2 C=XH 2 (X = 

C. Si, Ge, Sn), calculations, 56, 

396 

Doxifluridine, structure, 55, 133 
Dyes 

azacyanine, dithiopyrylio- and 
congeners, 60, 135 
cyanines 

from 2,3-dimethylbenzotellurazolium 
salts, 58, 59, 59 
quinolizine-containing, 55, 351 
fiber-reactive, 59, 19 
from [ 1,2,4]triazolo[l ,5-a]pyrimidines, 
57, 115, 128 

merocyanine, l-(benzothiazol-2-ylidene)- 
2-phenyl-3-thiobenzoylprop-2-ene, 
60, 152 

telluropyrylio-trimethine cyanine 

dibromide, formation, nmr, 60, 140 
telluropyrylio-trimethine cyanine 
dihydroxide, 60, 141 

thiazolo[3,4-6][l,2,4Jtriazine-derived, 59, 
119 
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thiopyryliocyanines and congeners 
experimental data, 60, 74 
fluorescence, 60, 79 
formation by autoxidative 
substitution, 60, 164 
oxidation by PbO,, 60, 140 
preparation, 60, 121, 127-9, 130-1, 
164 

protonation pmr study, 60, 85 
radical by one-electron reduction, 
ESR, 60, 91 
spectra, 60, 77 

theoretical calculations, 60, 71 
trimethinebis(imidazo[ 1,2-6][ 1,2,4]- 
triazine) monocation, 59, 91 
see also Reichardt’s dye 


E 

Einhorn reactions, with tetramic acids, 
Meldrum’s acid, 57, 170 
Electrical conductivity, of triphenylthio- 
pyrylium charge transfer complexes 
and O, S, NH congeners, 60, 99 
Electrical insulating oils, 2,2-(poiyfluoro- 
alkyl)-l,3-dioxolans, 60, 47 
Electrochemical fluorination, 59, 4, 5 
Electrochemical fluoroalkylation, 59, 7 
Electrochemical oxidation 
1,3-ditelluroles, 58, 76 
of lithium amides, 58, 7 
of O-substituted hydroxylamines, 

58, 7 

Electrochemical properties, of azonia- 
aromatic species, 55, 337 
Electrochemical reduction of 2,3-dihydro- 
1,4-diazepinium salts, 56, 40 
Electrochemistry 

anodic oxidation of thiopyrans and 
selenopyrans, 59, 236 
cyclic voltammetry and polarography 
of fluorinating agents, 59, 29 
of pyrans and heteropyrans, 59, 236 
generation of trifluoromethyl radicals by, 
60, 10 

reduction of thiopyrylium salts, 59, 191, 
193 


of thiopyrylium ions and congeners, 60, 
93-9 

see also Polarography 

Electrocyclization, oxidative, of o- 
diphenyl compds, 55, 226 

Electrolytes, nonaqueous, thiopyrylium 
salts, 60, 172 

Electron affinities, of thiopyrylium ion, 
MNDO calculations, 60, 69 

Electron densities 
calculated 

in benzenoid aromatic azonia cations. 
55, 275 

in nonbenzenoid aromatic N 
bridgehead systems, 55, 276 
in [l,2,4]triazolo[1.5-a]pyrimidines, 57, 
103 

Electron diffraction studies, of 1,4-dioxin, 
56, 384 

Electron spin resonance (ESR) spectra 
9-phenyloctahydrothioxanthyl radical, 
60,91 

of thiopyrans, 59, 236 
thiopyryliocyanines, one-electron 
reduction and oxidation, 60, 91 
of 2,4,6-triphenylpyranyl radical, 

60, 89 

of 2,4,6-triphenylthiopyranyl radical, 

60, 88 

Electronic spectra 
of acenaphthylene, 55, 328 
of l-azetin-4-one, 58, 174 
of azonia-aromatics, 55, 320, 322, 341 
charge-transfer, of thiopyrylium salts, 
60, 79 

of 2,3-dihydro-1,4-diazepines and 
-diazepinium salts, 56, 17 
fluorescence, see Luminescence 
of fused 1,2-dichalcogenoles, 58, 71 
in near-IR, thiopyryliocyanines and 
congeners, 60, 77 
of oxanthrene, phenoxathiin, 

phenoxaselenin, phenoxatellurins, 
58, 110 

of thiopyrans and telluropyrans, 59, 230, 
234 

of thiopyrylium ions, calculations, 60, 
68-9 

of thiopyrylium ions and congeners, 
experimental, 60, 73 
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of (1.2,4jtriazolo[l,5-a]pyrimidines, 57, 
105 

Electronic structures 
of aromatic azonia systems, 55, 273 
of thiopyrylium and congeners, 60, 

69-71 

Electrophilic substitution 
in azonia-aromatics, 55, 342 
see also Halogenation, Nitration, and 
other specific substitution processes 
1,2-Eliminations 

selenoaldehyde formation in, 55, 16, 18 
thioaldehyde formation in, 55, 8 
Ellipticine, synthesis of analogs via indole 
lithiations, 56, 174, 177 
Ellipticine and derivatives, synthesis, 56, 
279 

Enamines 

cycloaddition to diazoazoles, 59, 69, 97, 
138 

cycloadditions to 1,3-diazabuta-1,3- 
dienes, 57, 68 

reaction with selenopyrylium salts, 59, 
197 

reaction with thiopyrylium ions and 
congeners, 60, 164-5 
Enamino-imines, tautomerism in uracil 
example, 55, 159 
Enamino-esters, cycloaddition of 
benzonitrile oxides, 60, 277 
Enamino-esters, heterocyclic, fused uracils 
from, 55, 152 

Enaminonitriles, condensation with 
potassium dithioformate, 55, 10 
Enaminothiones, thiopyrans from, 59, 

187 

Ene reactions 
intramolecular 

lactone formation from, 55, 13 
of unsaturated o-oxothioaldehydes, 

55, 13 

thiobenzaldehyde with /3-pinene, 55, 13 
of thionitroso compounds, 55, 21 
Enol ethers, cycloaddition to diazoazoles, 
59, 68, 94 

Enol ethers, /8-acyl-, cycloaddition to 
nitrile oxides, regioselection, 60, 274, 
282 

Enolates, /3-isocyano-, equilibrium with 
oxazole 2-carbanions, 56, 216 


Enzyme inhibitors 
ATPase PSB s . 60, 218, 251 
choline acetyltransferase, 60, 241, 251 
cyclic AMP phosphodiesterase, imid- 
azo[l,2- and 11,2,4]- 
triazines, 59, 99 
fluorine-containing, 60, 4 
thiopyrylium, selenopyrylium salts, 60, 
172 

Enzyme mimics, piperazine-2,5-diones, 57, 
203, 276 

Epoxidation, of fiuoroalkenes, 59, 12 
Equilibria, in methoxide addition to 
pyrylium and thiopyrylium ions, 60, 
146-8 

Ergoline, lithiation of derivatives, 56, 180 
Ergot alkaloids, synthesis of side-chain, 

57, 211-4 

Erysotrine (alkaloid), synthesis, 57, 31 
ESCA spectra, of 5- 

methyl[ 1,2,4]triazolo[ 1,5-o]pyrimidin- 
7-one, 57, 106 

Esters, /3-hydroxy-, synthesis via isoxaz- 
olines, 60, 298, 299, 301 
Ethane-1,2-diamine, reaction with 
buta-i,3-diyne, 56, 9 
l-dialkylaminobut-l-en-3-ynes, 56, 10 
pentane-2,4-diones, 56, 2, 3 
Ethane-1,2-diamine, 1,2-diphenyl-, 

condensation with vinamidinium salts, 
56, 6 

Ethane-1,2-diamine, N,N,N'-trimethyl-, 
involvement in lithiations, 56, 165, 

176, 261 

Ethanol, 2-isocyano-, equilibration with 
oxazoline as anions, 56, 265 
Ethene, bis(2,6-diphenylthiopyran-4- 
ylidene), polarography, 60, 97 
Ethers, cyclic, synthesis via isoxazolines, 
60, 301 

Ether, /3-isocyanoethyl trimethylsilyl, 56, 
265 

Ethirimol, structure, 55, 134 
Ethoxyiminoacetic ester, condensation 
with 5,6-diaminouracils, 55, 160 
Ethoxymethylenemalonic ester (EMME), 
reaction with 6-aminouracils, 55, 158 
Ethoxymethylenemalononitrile, reaction 
with 6-amino-l,3-dimethyluracil, 55, 
200 
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Ethylenediamine, see Ethane- 1,2-diamine 
Ethyne, bis(2,6-diphenylthiopyrylium-4-yl) 
polarography, 60, 97 
synthesis, 60, 111 

Exchange reactions, proton—in methyl 
groups on pyrylium ions and 
congeners, 60, 84, 125 
Extrusion, sulfur, see Sulfur extrusion 


F 

Felkin-Anh model for transition states 
to cycloadduct formation. 60, 281 
to Grignard addition, 60, 295 
Ferrocene, 2-methylpiperidinomethyl-, 
lithiation, 56, 261 

Ferrocene, K2-pyridyl)-, lithiation, 56, 241 
Fervenulins 

synthesis from 6-azidouracils and 
tetrazoles, 55, 186 

synthesis from 6-hydrazinouracils, 55, 
180 

Fervenulin 

and 4-oxide, ring opening and 
recyclization, 59, 102 
structure, 55, 135 

synth by photoreaction of 6-azidouracil, 
55, 150 

synth from nitrosouracils, 55, 169 
Fervenulin 4-oxides, syntheses, 55, 180 
Fervenulin, 3-aryl-, pyrimidine ring 

contraction to 7-azapteridine, 55, 221 
Fervenulin, 2(?)-methyl-, 55, 180 
Fischer cyclization, of 6-(/3-phenyl- 
hydrazinojuracil, 55, 176 
Flavin models 

5-deaza-systems, 55, 201, 203, 205 
pyrimido-pteridines, 55, 205 
thia-deaza-systems, 55, 202 
Flavin, 10-phenyl-, nitration, 58, 258 
Flavopereirine, synthesis, 55, 318 
Floxuridine, structure, 55, 133 
Fluoranthene, 3,4-dichloro-, reaction with 
Na 2 Te 2 /Se 2 /S 2 „ 58, 68 
Fluoreno[1,9-6rIquinolizinium (ion), 55, 
314 

Fluorescence, see Luminescence 
Fluoride ion, nucleophilic displacements 
by, 60, 7 


Fluorinating agents, heterocyclic N-F 
reagents, 59, 29, 60, 7-8 
Fluorination 

electrochemical, 57, 303, 59, 4, 5, 60, 6 
electrophilic, reagents for, 59, 29, 60, 
7-8 

enantioselective, 59, 29, 60, 8 
methods of, 57, 299, 346 
physicochemical effects of H/F 
replacement, 60, 3 
strategies for 

construction of heterocycles with F 
and CFj groups. 60, 14-47 
F and CF, group introduction into 
heterocycles, 60, 5-14 
of amino-I,2,5-oxadiazoles, 57, 371 
of benzofuran, 59, 249 
of benzothiazoles, 59, 277 
of coumarins by halogen exchange, 59, 
299 

of furans, 57, 308 
of heterocycles, 59, 3 
of imidazoles, 57, 355 
of indazoles, 59, 270 
of indoles, 59, 266 
of isoquinolines, 59, 298 
of 2-lithioselenophenes, 57, 335 
of purines, 59, 323 
of pyrazines, 58, 320 
of pyrazoles, 57, 345 
of pyridazines, 58, 301 
of pyridines, 58, 291-5 
of pyrimidines, 58, 311 
of pyrroles, 57, 333 
of quinolines, 59, 294 
of 1,2,5-thiadiazoles, 57, 373 
of 1,3.4-thiadiazoles, 57, 374 
of thiophenes, 57, 323 
of 1,2,4-triazoles, 57, 359 
Fluorine( + )-containing rings, calculations, 
56, 338, 376 

Fluoroalkenes, epoxidation, 59, 12 
Fluoroalkylation, of heterocycles, methods 
for, 59, 7 

jV-Fluoro-heterocycles, as fluorinating 
agents, 57, 300, 60, 8 
Fluoroheterocycles with five-membered 
rings (review), 60, 1 
Fluoroheterocyclic chemistry, recent 
advances (review), 59, 1 
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Fluoro-polymers, from 4,5-difluoro-2,2- 
bistrifluoromethyl-l,3-dioxole, 59, 19 
yV-Fluoropyridinium triflate. reaction with 
porphyrins, 57, 333 
Fluorouracil, structure, 55, 133 
Formamidines, N-t-butyl- 
reduced pyridine derivatives, lithiation. 
56, 270 

reduced pyrrole derivatives, lithiation, 
56, 263 

Formazans, tetrazolyl-, oxidation to 
tetrazolium tetrazolate betaines, 60, 
222 

Formonitrile oxide, benzenesulfonyl-, 60, 
265 

Formonitrile oxide, bromo-, 60, 263, 297 
Formonitrile oxide, diethylphosphono-, 60, 
265 

Formylacetic acid, generation, uracil from, 
55, 134, 136 

Fragmentation, retro-Diels-Alder, of 
uracil-cyclopentadiene adducts, 55, 

137 

Fuligorubin A, synthesis, 57, 156 
Fulvene, 6,6-bis-(2-thienyl)-, bromination, 
57, 320 

Fumitremorgin C, demethoxy-, synthesis. 

57, 190 
Fungicides 

1,3.4-thiadiazoles, 60, 24 
thiopyrylium salts, 60, 172 
[l,2,4]triazolo[l,5-u]pyrimidines, 57, 127 
Furans, iodination, 57, 308 
Furan 

aromaticity estimates/indices. 56, 311, 
316, 335, 342, 363-7 
bromination, synthesis, 57, 305 
chlorination, 57, 304 
Dewar isomer, 56, 375 
fluorination, 59, 3 
trifluoromethylation, 60, 10 
Furan, tetrahydro-, -y-ray induced 

hexafluoropropylation of, 59, 4. 60, 6 
Furan. 2-acetyl-, bromination, 57, 307 
Furan, 3-acetyl-2-methyl-4,5- 
bistrifluoromethyl-. 60, 17 
Furans, 2-acyl-3,4-di(perfluoroalkyl)-, 

60, 27 

Furans, 2-aminoaIkyl-2,3-dihydro-3- 
hydroxy-, 60, 300 


Furans, 2-aryl-, halogenation, 57, 307 
Furan, 3-benzoyl-2,5-diphenyl-, Wolff- 
Kishner reduction, 56, 123 
Furans, 3,4-bistrifluoromethyl-, 60, 44-5 
Furan, 3,4-bistrifluoromethyl-, 

cycloaddition with ethyl propynoate, 

59, 24 

Furan, 2-bromo-, synthesis, 57, 306 
Furan, 2-chloro-, synthesis, 57, 305 
Furan, 2,5-diethyl-3.4-bistrifluoromethyl-, 

60, 27 

Furan, 2,3-dihydro-, addition/cyclization 
to allyl-aminium cation radicals, 

58, 29 

Furans, 3-fluoro-5-phenyl-, 60, 27 
Furans, 2-fluoro-3-trifluoromethyl-, 
formation, substitution of F, 60, 43 
Furans, 2-lithio-, bromination, 57, 306 
Furan, 2-lithio-, chlorination, 57, 305 
Furan, 2-methyl-, fluorination, 59, 7 
Furan. 2-(2-oxazolinyl)- derivatives, 
lithiation, 56, 267 

Furan, perfluoro-2-alkyltetrahydro-, 60, 6 
Furans, polyfluoro-, 57, 309 
Furan. 2,2,5,5-tetrafluoro-2,5-dihydro-, 57, 
309 

Furan, tetrakistrifluoromethyl-, 59, II, 60, 
22. 40. 46 

Furans, trifluoromethyl-, from carboxylic 
acids and SF 4 , 57, 309, 59, 10 
Furans, 3-trifluoromethyl-, 60, 44-5 
Furan-2,3-dione, 5-phenyl-, condensation 
with 1,2-diaminobenzimidazoles, 59, 
107 

Furan-2(5//)-ones, 5-alkoxy-, -acyloxy-, 
diastereoselectivity of cycloaddition, 
60, 277 

Furan-2(5//)-ones, 5-hydroxy-, 

diastereoselectivity of cycloaddition, 
60, 277 

Furan-2-carbaldehyde (furfural), 
bromination 57, 307 
Furan-2-carbaldehyde oxime, 

cycloadditions forming furo-pyridines, 
57, 15 

Furan-2-carbaldehyde, 4-bromo-, 57, 307 
Furan-2-carboxylate, bromination, 
chlorination, 57, 307 
Furan-3-carboxylates, 2-methyl-4,5- 
bistrifluoromethyl-, 60, 17 
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Furan-2-carboxylic acid*, 5-chIoro-, 
synthesis, decarboxylation, 57, 305 
Furan-2-carboxylic ester, 3,4-diphenyl-, 
nitration, 58, 224 

Furan-3-carboxylic ester, 2-methyl-4,5- 
bis(trifluoromethyl-, 59, 10 
Furan-3,4-dicarboxylates, 2-aryl-, 
bromination, 57, 308 
Furan-2,5-dicarboxylic ester, 3,4- 
dihydroxy-, condensation with 
acethydrazide hydrazone, 59, 65 
Furazans, Furazano-fused systems, see 
1,2,5-Oxadiazoles, [ 1,2,5]Oxadiazolo- 
Furfural, see Furan-2-carbaldehyde 
Furo[2,3-fc][l ,4]diazepin-2-ones, 8,8a- 
dihydro-8a-methoxy-, 57, 26 
Furo[2,3-rf]isoxazoles, 3a,6a-dihydro- 
hydroxylations, 60, 296 
lithal reduction, 60, 300 
lW-Furo[3,2-c]pyrazoIes, 1,3-diphenyl-, 
bromination, 59, 280-1 
1 W-Furo[3,2-c]pyrazole, 1,3-diphenyl-, 
nitration, acylation, bromination, 58, 
247 

2tf-Furo[3,2-e]pyrazoles, 2-substituted, 
bromination, 59, 281 
Furo-pyridines, bromination, 59, 311 
Furo[3,2-c]pyridines, lithiation, 56, 246 
Furo[2,3-c]pyridines, reduced, synthesis 
from furfural oxime, 57, 15 
Furo[3',2':5,6]pyrido[2,3-6]indoles, 57, 50 
Furo[2,3-d]pyrimidine-2,4-diones, 5,6- 
dihydro-, photo-rearrangement, 55, 

226 

Furo[2,3-rf]pyrimidine-2,4-diones, 55, 171, 
174 

Furo[3,2-d]pyrimidine-2,4-diones, 55, 171 
Furo- and (pyrrolo-furo-)pyrrolo[ 1,2,4]- 
triazines, tetra- and penta-cyclic 
systems, 59, 48 

Furol3,2-c]quinolines, hexahydro-, 57, 43 
Furo[2,3-6]quinoxalines, 3-(5- 
aminopyrazol-1 -yl)carbonyl-, 
rearrangement, 56, 123 
Furo[2,3-c]-l ,2.4-triazines, fused systems, 
59, 64 

Furo[3,4-e]-1,2,4-triazines, reduced 
systems, 59, 64-5, 154 
Furo[3,4-c]-l ,2,4-triazines, 3-aryl-5,7- 

dihydro-5,5,7,7-tetramethyl-, 59, 64, 154 


Furo[3,4-£>]-l,2,4-triazine 4-oxides*, 3-aryl- 
5,7-dihydro-5,5,7,7-tetramethy 1-, 

59,64 

Furoxans, see 1,2,5-Oxadiazole oxides 


G 

Gallium tribromide, bromination catalyst, 
59, 249 
Geometry 

effect of on tetrazoie rearrangements, 

56, 141 

see also Conformation; Overcrowding; 
X-ray crystal structures 
(±)-Gephyrotoxin 223AB, synthesis, 58, 21 
Germabenzene, aromaticity estimates, 56, 
342, 402 

Germabenzene, 1,4-dialkyl-, generation, 
56,401 

1-Germacyclopentenylidene, calculations, 
56, 408 

1-Germacyclopropenylidene, calculations, 
56,408 

Germanium heterocycles, 57, 5, 12, 26-8 
l-Germaphenyl cation, calculations, 56, 

403 

Germoles, action of halogens, 57, 335 
Germylene <GeH 2 ), calculations, 56, 398 
Germylene, dimethyl-, cheletropic addition 
to I-azabuta-1,3-dienes, 57, 5 
Glasses, protective (laser beam), 
telluropyrylium salts in, 60, 172 
Gliotoxin, synthesis, 57, 204, 239 
Gliovictin, synthesis, 57, 236 
Glucazidone, 10-phenyl-, see Pyrido[l,2- 
n]quinoxalin-8-one, 4-phenyl- 
Glycine, vinyl-, and derivs, cycloaddition 
to nitrile oxides, 60, 282 
Glycosylation, of [l,2,4]triazolo[l,5-o]- 
pyrimidinones, 57, 112 
Glyoxylic esters, reaction with 4-amino-1- 
azabuta-1,3-dienes, 57, 22 
Gold, complexation with 2-phenyl-benzo- 
[ 1,2]quinolizino-[3,4,5,6- 
rfc/lphenanthridinium ion, 55, 352 
Gramine analogs, from isogramine 
rearrangements, 56, 175 
Graph theory, application to resonance 
energy calculation, 56, 311 
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Grignard reactions, of 4-bromo-l- 
methylpyrazole, 56, 190 
Grignard reagents, reaction with 1,2,3- 
triazines. 59, 21 

Grignard reagents, 2-benzothiazolyl-, 56, 
224 

Grignard reagents, 10-ethylphenothiazin-3- 
yl-, 56, 258 

Grignard reagents, [-substituted imidazol- 
4-yl-, 56, 202 

Grignard reagents, l-methyl-2-indolyl-, use 
in cross-coupling, 56, 277 
Grignard reagents, l-methyl-2-pyrrolyl-, 
use in cross-coupling, 56, 277 
Grignard reagents. 4-quinoiinyl- 56, 242 
Grignard reagents, 2-thiazolyl-, 56, 222 
Growth regulators, agrochemical, 

[l,2.4]triazolo[I.5-u]pyrimidines, 57, 
127 

Guanidines, 1,2.4-thiadiazol-5-yl-, 
rearrangement, 56, 106 
Guanidines, 5-thioxo-1,2,4-dithiazoI-3-yI-, 
formation in rearrangement, 56, 106 
Guanine C-nucleoside and acyclo- 
nucleoside isosteres, 59, 147 
Guanosine, O-protected, lithiation, 56, 205 


H 

Halo-denitrations 
in imidazo[4,5-r]pyridines, 59, 316 
in thieno-pyridines, 59, 313 
in [ 1,2,4]triazolo[5,l-r][ 1,2,4]triazin-4- 
ones, 59, 328 
Halo-destannylations 
of isoquinolines, 59, 298 
of quinolines, 59, 294 
Halochromism, of 4-[2-(benzothiazol-2- 
ylamino)-4-dimethylaminophenyl]-2.6- 
diphenylthiopyrylium ion, 60, 137 
Halogen dance, bromine migration 
in bromopyridines, 56, 237 
in imidazol 1,2-u|pyridines, 56, 212 
Halogen exchange 
in chloro-quinoxalines, 59, 305 
in coumarins, 59, 299 
fluorination by. 60, 7 
fluoro-dechlorination of CC1 3 groups, 60, 
11, 13 


forming fluoro-heterocycles, 59, 2 
in pyrazines, 58, 320 
in pyridazines, 58, 301 
in pyridines, 58, 291, 294 
in pyrimidines, 58, 310 
in pyrimidinones, 58, 305, 313-4 
in pyrimido[4,5- and 5,4-d]pyrimidines, 
59, 338 

in quinolines, 59, 292, 294 
in triazines, 58, 321, 322, 324 
Halogenation 

of five-membered heterocycles (review), 
57, 291 

of heterocycles fused to other aromatic 
and heteroaromatic rings (review), 
59, 245 

of six- and seven-membered 

heterocycles (review), 58, 271 
of 6-aryl-2,3-dihydro-l,4-diazepines, 

56, 30 

of coordinated imidazoles, 58, 154-7 
of 2,3-dihydro-l,4-diazepines 
kinetics, 56, 25 
products. 56, 27 

of 1,4-dioxins and 1,4-dithiins, 58, 325 
of A'-ethylphenotellurazines, 58, 107 
methods of, 57, 293 
of phenoxatellurin, 58, 107 
of 9-phenylacridine*, 58, 251 
photochemical free-radical, 57, 302 
of tetramic acids, 57, 176 
[l,2,4]triazolo(l,5-a]pyrimidines, 57, lb 
see also Bromination, Chlorination, 
Fluorination. Iodination 
Halogens, displacement by chalcogenides 
in naphthalenes, 58, 67 
in tetrahaloethylenes, 58, 78 
in thiophenes, 58, 79 
Halonium ions, biphenylene-, 56, 338 
Hammett correlations 

3-o-aminophenyl-l ,2,4-oxadiazole 
rearrangement. 56, 78 
3-benzoyl-1,2,4-oxadiazole 

arylhydrazone rearrangement, 56, 
86, 90-1 

hydrazone configurational inversion, 

56, 91 

1.2,3,4-tetra h ydro-1 -(1,2,4-oxadiazol-3- 
ylmethyl/methylcncfisoquinolinc 
rearrangement, 56, 78, 94 
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of UV spectra of 4-arylpyrylium and 
-thiopyrylium ions, 60, 76 
Hazards, explosive, methyl 

benzenesulfonylmethylnitronate, 60, 
265 

Helicenes, azonia-, 55, 306, 307 
1,3,7,9,11,12,14-Heptaazapentacene- 
2,4,8,10-tetrones, 55, 207 
Herbicides 

imidazo[l,5-(/][l,2,4]triazines, 59, 99 

1.2.4- oxadiazoles, 60, 24 
pyrrolo[2,l-c][l,2,4]triazinones, 59, 46 

1.2.4- triazino[5,6-h]indole-3-thiones, 

59, 59 

[l,2,4]triazolo[l,5-fl]pyrimidines, 57, 127 
uracil derivs, 55, 132, 134 
Hess-Schaad resonance energy (HSRE), 

56, 310 

Hetero-Diels-Alder reaction, 
intramolecular, forming 
hexahydro[2]benzopyrano[3,4- 
t/]pyrimidine-l,3-dione, 55, 210 
Heterocycles, phenyl, nitration of 
(review), 58, 215 

Heterocyclic betaines (review), 60, 197 
Heterocyclic chemistry, literature of 
(index to reviews), 55, 31 
Hetero-1,3-dienes, 4,4-bistrifluoromethyl-, 
heterocycles from. 59, 18 
Hetero-1,3-dienes, see also Aza- and 
Diaza-1,3-dienes 

Heterodienophiles, syntheses using 
(review), 55, 1 

Hexaazabenzvalene, calculations, 56, 392 
2,4,5.8,9,11-Hexaazapentaphene-I,3,10,12- 
tetrones, 55, 209 

Hexa-2,4-dienedial, 2,5-diphenyl-, 56, 43 

2,4-Hexadienes, cycloaddition of 
stereoisomers to ArNS, 55, 22 
Hexafluoroacetone 

reaction with trifluoromethylisocyanide, 

60, 47 

reactions with P(III) compounds, 60, 
45-6 

use in mass spectrometry, 60, 20 
use in synthesis, 60, 20 
Hexafluoroacetone azine, cycloadditions, 
60, 31-3, 39 

Hexafluoropropyiation, of tetrahydrofuran, 
59, 4 


Hexaphosphorin* (hexaphosphabenzene), 
calculations, 56, 392 

Hexasilabenzvalene, calculations. 56, 410 
Hexasilaprismane, calculations, 56, 411 
Hexasilin (hexasilabenzene) 
aromaticity estimates, 56, 320 
and isomers, calculations, 56, 410 
Hexazine 

aromaticity estimates/indices. 

calculations, 56, 320, 340, 386, 392 
proposed stabilisation by. e.g., 1,3,5- 
trioxide formation, 56, 388, 393 
Hex-5-enylaminy! radicals, products from, 
58, 4 

Histidine, Co-complexed, acidity, 58, 132 
Histidines, im- 2- and 4-fluoro-, by Balz- 
Schiemann reactions. 60, 8 
Histidines, /m-2-trifluoromethyl-, 60, 24 
Hofmann-Loffler-Freytag reactions, uses, 
58, 19 

Homodesmotic reactions, in R.E. 

calculations, 56, 308, 315,411 
Homodesmotic stabilisation energies 
(HSE), 56, 316 

Hiickel approximation, application to 
azonia cations, 55, 271 
Hiickel resonance energy (HRE), 56, 309 
Hunsdiecker reaction, with 

indazolecarboxylic acids, 59, 270 
Hyalodendrin, synthesis, 57, 236 
Hydantoins 

formation from uracils, 55, 219, 220, 224 
synth, orotic acids from, 55, 135 
Hydantoins, 5-alkyl-5-phenyl-, nitration, 
58, 236, 256 

Hydantoins, 1,5-didehydro- 
formation, reactions, 58, 195 
see also Imidazole-2,4-diones 
Hydantoins, 5-hydroxy-, formation on 
ozonolysis of uracils, 55, 228 
Hydantoins, 5-methoxy-, imidazole-2,4- 
diones from, 58, 199 
Hydration, covalent, in pyrimidone 
bromination, 58, 307 

Hydrazine, 3,5-bistrifluoromethylbenzoyl-, 
use in synthesis, 60, 22 
Hydrazine, pentafluorophenyl-, use in 
synthesis, 60, 22 
Hydrazines 
as mutagens, 55, 213 
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in uracil ring interconversions, SS, 212, 
218, 219. 220 
Hydrazones 

configurational isomerization, 56, 91 
in heterocyclic rearrangements, 56, 

61, 91 

Hydride transfer equilibria, of 

thiopyrylium ions/thiopyrans and 
congeners, 60, 168 
Hydrodesulfurization, catalytic, and 
thiophene complexation, 58, 147 
Hydroformylation, ofpentafluorostyrene, 
59, 15 

Hydrogen bonding and molecular 

recognition, in piperazine-2,5-diones, 
57, 203 

Hydrogenation, catalytic, of 2,3-dihydro- 
1.4-diazepines, 56, 13 
Hydrolysis, of 2,3-dihydro-I,4-diazepines, 

56, 13 

Hydroxamic acids, O- acyl-/V-allyl-, 
pyrolysis to a/3-unsaturated imines 
and intramolecular cycloaddition, 

57, 19 

Hydroxylamines, O-substituted 
unsaturated, radicals by anodic 
oxidation, 58, 9 

Hydroxylation, bridgehead, of bicyclic 
piperazinediones. 57, 248 
Hyperconjugation, in methylquinolizinium 
ions, 55, 348 

Hyperhomodesmotic stabilisation energies 
(HHSE), 56, 316, 402, 411 
Hypnotics 

furol3.4-e]-l,2.4-triazines, 59, 65 
spiro(cycloalkane)-pyrazolo[ 1 .5-d]- 
[l,2,4]triazines, 59, 78 
[l,2,4]triazino-xanthines, 59, 113 
Hypochlorous acid, reaction with indoles, 
59, 256 

Hypocholesteric agents, [l,2,4]triazolo- 
[l,5-a]pyrimidines, 57, 126 
Hypotensive agents, [l,2.4]triazolo[l,5-n]- 
pyrimidines, 57, 127 

I 

Imidazo[ 1,2-n]benzimidazole. 1,2-diphenyl- 
bromination, 59, 284 
nitration, bromination, 58, 248 


4//-Imidazo[2, l-c][ 1 ,4]benzothiazines, 
halogenation, 59, 328 

Imidazo-benzothiazoles, phenyl-, nitration, 
58, 247 

Imidazo[2,l-6]benzothiazoles, nitration, 

58, 247 

Imidazo[2,l-c][l,2,4]benzotriazine, and 5- 
oxide, 59, 96 

Imidazo[l,2-i][l,2,4]benzotriazines, 59, 88 
4//-lmidazo[2, l-c][ 1,4]benzoxazines, 
halogenation, 59, 328 
1//-Imidazo[l,2-I>]imidazole, bromination, 

59, 284 

Imidazolate betaines, and precursors, 60, 
216-7 

Imidazole cation, 2,4,5-trisdiethylamino-, 

56, 347 
Imidazoles 

acidity constants of coordinated species, 
58, 130-2, 136 
bromination, 57, 349 
chlorination, 57, 347 
fluorination, 57, 355 
from 1,3-diazabuta-l,3-dienes, 57, 60 
halo-denitration in, 57, 348, 353 
halogenation, general, 57, 346 
iodination, 57, 353 
lithiation 
at C-2, 56, 192-5 
at C-4, 56, 200-3 
at C-5, 56, 196-9 
polylithiation, 56, 163, 199, 203 
reactivity of coordinated species, 58, 153 
rearrangements of coordinated species, 
58, 126 

trifluoromethylation, 60, 11 
Imidazole N-oxides, reaction with POC1,, 

57, 348 
Imidazole 

aromaticity estimates/indices, 56, 341 
dipole moment measurement, 60, 230 
Imidazoles, cobalt(III)-coordinated, 
bromination, 57, 351 
Imidazole, nickeKII(-coordinated, 
iodination, 57, 354 

Imidazoles, 5-acyl-2-acylamino-, formation 
by rearrangement, 56, 79 
Imidazoles, 5-acyl-2-benzamido-, 

formation in photorearrangement, 

56, 82 
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Imidazoles, 1-amino-, synthesis from 2- 
azabuta-1,3-dienes, 57, 29 
Imidazoles, 4-aryl-l-(o-aminophenyl)-, 56, 
136 

Imidazole, l-benzyl-2-chloro-, 57, 348 
Imidazole, 1 -benzyl-4,5-dihydro-, 
lithiation, 56, 264 

Imidazole, l-benzyl-4,5-dihydro-2-lithio-, 
in carbonyl group generation and 
protection, 56, 264 

Imidazoles, carboxy-, bromination, 57, 349 
Imidazole, 2-chloro-, 57, 348 
Imidazole, 5-chloro-l-methyl- 
iodination, 57, 354 
synthesis, chlorination, 57, 349 
Imidazoles, 1,2-diamino-, fused imidazo- 
[ 1,2-h][l,2,4]benzotriazines from, 

59, 90 

Imidazoles, 2-diazo-, cycloadditions 

forming imidazo[2,1 -e][l ,2,4]triazines, 
59, 94 

Imidazoles, 4-diazo-, 57, 348 
condensations with active methylene 
systems, 59, 97 

cycloadditions forming imidazo[2,l-c]- 
ll,2,4]triazines, 59, 97 
Imidazoles, 4,5-dihalo-1,2-dilithio-. 56, 163 
Imidazoles, 2,5-dihydro-1-hydroxy-, 

conversion into tetramic acids, 57, 167 
Imidazole, 4,5-dihydro-2-(l-methylpyrrol-2- 
yl)-, lithiation, 56, 264 
Imidazole, 4,5-dihydro-2-phenyl-, 
lithiation, 56, 264 

Imidazole, 4,5-dihydro-2-(2-thienyl)-, 
lithiation, 56, 264 
Imidazole, 1,4-and 1,5-dimethyl-, 
bromination, 57, 350 
Imidazole, 1,2-dimethyl-5- 

trimethyl-stannyl-, fluorination, 60, 9 
Imidazoles, 4-formyl-, from N-5- 
pyrimi-dinylamidines, 56, 142 
Imidazole, 2-(2-furyl)-4,5-dihydro-, 
lithiation, 56, 264 
Imidazole, 2-(2-furyl)-I-methyl-, 
bromination, 57, 308 
Imidazoles, halo-, halogen exchange in, 

57, 348 

Imidazoles, iodo- 

structures, bromination, 57, 351, 353 
synthesis, 57, 354 


Imidazoles, lithio-, halogenation, 57, 348, 
352, 355 

Imidazole, 2-lithio-l-methyl-. in carbonyl 
group protection, 56, 274 
Imidazoles, 4-magnesio-, 56, 202 
Imidazole, I-methyl- 
bromination, 57, 349 
iodination, 57, 354 

Imidazole, 4-methyl-, bromination, 57, 350 
Imidazoles, methyl-, effect of methyl 
group on bromination rates, 57, 351 
Imidazole, 4-methyl-, iodination, 57, 353 
Imidazoles, nitro-, bromination, 57, 349, 350 
Imidazoles, 5-nitroso-, rearrangement to 
1,2,4-oxadiazoles, 58, 237 
Imidazoles, phenyl-, nitration, 58, 236-8 
Imidazoles, trialkylstannyl, fluorination, 
57, 355 

Imidazole, 2,4,5-tribromo- 
lithiation, 57, 353 
synthesis, 57, 349 
Imidazoles, trifluoromethyl- 
from carboxylic acids and SF 4 , 59, 10 
from dimethylhydrazones and TFAA, 

60, 26 

Imidazoles, 2-trifluoromethyl-, hydrolysis, 
60,4 

Imidazoles, trimethylstannyl-, fluorination, 
59, 3 

2/f-Imidazole, 2,2,4,5-tetrachloro-, 57, 347 
Imidazole-2-carboxamides, 1 -phenyl-, 
chlorination, 57, 347 
Imidazole-4-carboxamide, 5-amino-, 
chlorination, 57, 347 

Imidazole-2-carboxylic acid, chlorination, 
57, 347 

ImidazoIe-4-carboxylic acid, iodination, 

57, 353 

Imidazole-4-carboxylic esters, 2-methyl- 
thio-, synthesis from 2-azabuta-l ,3- 
dienes, 57, 29 
Imidazole-2,4(3/f )-diones 
generation, reactions, 58, 195 
see also Hydantoins 
Imidazole-2,4(3//)-dione, 3-methyl-5- 
phenyl-, 58, 197 

I midazole-2,4(37/ )-dione, 3-phenyl-, 
cycloadditions, 58, 199 
Imidazole-2,4,5-trione (parabanic acid), Co 
complex, formation, 58, 156 
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Imidazolidine, 1,3-diacryloyl-fram-4,5- 
diphenyl-, cycloadditions to nitrile 
oxides, 60, 292 

Imidazolidines, /V,AT-dimethyl-2-phenyl-/ 
-o-hydroxyphenyl-, lithiation. 56, 261 
Imidazolidinediones, see Hydantoins 
lmidazolidin-2-ones, formation from 3-(/3- 
mesyloxyethyl)uraciIs, 55, 225 
Imidazolidin-2-ones, 3-aryl-4-imino-5,5- 
dimethyl-, 56, 130 

Imidazolidin-4-one, l-phenyl-3-thioureido- 
2-thioxo-. 56, 136 

Imidazolidine-2-acrylic ester, lrans-4,5- 
diphenyl-, cycloadditions to nitrile 
oxides, 60, 292 

Imidazolines, see Imidazoles, dihydro- 
Imidazolinones, reaction with POCl 3 , 57, 
348 

Imidazolin-2-ones, by oxidative ring- 
contraction of uracils, 55, 229 
Imidazolium betaines 
nmr spectra, 60, 224-5 
and precursors, formation, 60, 205 
Imidazo[2,1 -/]purine-2,4-diones, 
bromination, 59, 329 
Imidazo[I,2- and l,5-a]pyrazines, 
halogenation, 59, 327 

Imidazol l,2-a]pyrazines, synthesis from 2- 
aza-1,3-dienes, 57, 37 

Imidazo[4,5-i]pyrazin-2-one, 5-ethylamino- 
1,3-dihydro-, halogenation, 59, 327 
1 W-Imidazo[l ,2-b]pyrazole, bromination, 
59, 283 

Imidazol 1,2-iJpyridazine, chlorination, 
bromination, 59, 325 

Imidazo[4,5-</]pyridazinones, chlorination. 
59, 325 

Imidazo-pyridines, halogenation, 59, 315-6 
Imidazo[l,2-a]pyridine, lithiation. 56, 211, 
212 

lmidazo[ 1,2-a]pyridine, 2-phenyl-, 

bromination, nitration, nitrosation, 58, 
257 

Imidazol 1,5-a]pyridines, lithiation, 56, 211 
Imidazo[I,5-a]pyridines, 1- and 3-phenyl-, 
nitration, 58, 238 

Imidazo[5,I-a]pyridines. 2-trifluoromethyl-, 
59, 18 

Imidazo[4,5-6]pyridine*, 1-silylethoxy- 
methyl-, lithiation, 56, 206 


Imidazo[l ,2-a]pyrido[3,2-e]pyridine, 2- 
methyl-, bromination, 59, 329 
Imidazo[ 1,2-a]pyrimidines, halogenation, 
59, 323 

Imidazol l,5-a]pyrimidines, halogenation, 
59, 323 

3a//-Imidazo[ 1' ,2' :3,4]pyrimido[ 1,2-a]- 
benzimidazole-4,5-dicarboxylate, 3- 
butyl-8,9-dimethyl-, 60, 245 
Imidazo-thiadiazoles, nitration, 58, 248 
Imidazo[l ,2-d][\ ,2,4]thiadiazole, 3-methyl-, 
bromination, 59, 285 
Imidazo[2,1 -b][ 1,3,4]thiadiazole, 
bromination, 59, 285 
Imidazo[5,l-i]thiazoles, nitrosation, 58, 

247 

Imidazo[2,l-i]thiazoles 
bromination, 59, 284 
nitration, nitrosation, 58, 247 
Imidazo[4,5-</]-l,2,3-triazine, chlorination, 
59, 327 

Imidazol 1,2-i][ 1,2,4]triazines 
N-15 NMR, 59, 86 
synthesis, 59, 86-94 
Imidazoll,2-i][l,2,4]triazine, 6-aryl-2,3- 
diphenyl-, electrophilic substitution, 
59, 91 

Imidazo[l ,2-i][ 1,2,4]triazine, 2,6-diphe¬ 
nyl-, bromination, 59, 327 
Imidazo[l,5-i][l,2,4]triazine, bromination, 
59, 327 

Imidazo[2,l-c][l,2,4]triazines, 59, 94-7 
lmidazo[5,l-c][l,2,4]triazines, 59, 97-9 
Imidazoll,2-r/][l,2,4]triazines, 59, 99 
Imidazol 1, 5-d\{ 1,2,4]triazines, 59, 99-100 
Imidazo[4,5-e]-I,2,4-triazines, 59, 100-3 
Imidazo[5,l-/][l,2,4]triazines, 59, 103-6 
Imidazo(5,l-/][I,2,4]triazines, 2-amino- 
addition of nucleophiles, 59, 104 
site of protonation, 59, 105 
Imidazol 1,2-a][ 1,3,5]triazine, bromination, 
59, 327 

Imidazol 1 ,2-b][ 1,2,4]triazin-3(4// )-ones. 

tautomerism, 59, 91 
Imidazol 1,2-i>][1,2,4]triazin-7-one, 6- 

methyl-2-phenyl-, chlorination, 59, 327 
Imidazo[2, l-c][ 1,2,4]triazin-4-one. 

synthesis, methylation, 59, 95 
Imidazo[l,2-</][l,2,4]triazin-l- and 4-ones, 
59, 99 
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Imidazo[l,5-rf][l,2,4]triazin-l- and 4-ones, 

59, 99 

Imidazo[4,5-<'|-l ,2,4-triazin-6-ones, 3-aryl-, 
55, 222 

Imidazo[ 1,2-h][ 1,2,4]triazoles, 
bromination, 59, 285 

Imides, p K a values and reaction of N-halo 
compds with pyrroles, 57, 327 
Imines, a/3-unsaturated, see l-Aza-1,3- 
dienes 

Imines, perchloro-, cyclization reactions 
using, 55, 165 

Imines, A'-benzenesulfonyl-, cycloaddition 
to nitrile oxides, 60, 38 
Imine, benzophenone, reaction with 
cyclopropylideneacetates, 57, 24 
Imines, /3-hydroxy-, synthesis via 
isoxazolines, 60, 314 
Imines, N-thiocarbamoyl-, silylated, 
cycloadducts of, 57, 70 
/3-Iminonitriles (enaminonitriles), 
condensation with potassium 
dithioformate, 55, 10 
Iminophosphoranes, see Phosphinimines 
Iminyl radicals, see Radicals, nitrogen 
Indane-l,3-diones, 2-azido-, 
rearrangements. 58, 206 
2//-Indazoles, 2-substituted, lithiation at 
C-3, 56, 189 
Indazoles 

halogenation, 59, 269-70 
sulfonation, 58, 235-6 
Indazoles, 3-acylamino-, formation in 
rearrangement, 56, 63, 77, 94 
Indazoles, 3-diazo-, couplings, 
condensations, with methylene 
compds, 59, 84 

Indazole, 5-fluoro-, nitration, 59, 270 
Indazole, 1-methyl- 
adduct with C-acetyl-JV- 

phenylnitrilimine, rearrangement, 

56, 134 

lithiation and ring cleavage, 56, 190 
Indazole, 1-phenyl-, nitration, 58, 235 
Indazole, 2-phenyl- 
bromination, 59, 269 
nitration, 58, 235 

Indazole, 3-phenyl-, nitrosation, 58, 236 
Indazoles, 4,5,6,7-tetrafluoro-l-phenyl-, 

60, 25 


Indeno[3,2-c]quinolines, tetrahydro-, 57, 43 
Indeno-thiazoles, thioformylation, 55, 4 
5/f-Indeno[l,2-h]thiopyrylium ion*, 2,4- 
diphenyl-, condensation with 2,6- 
diphenylpyran-4-one, 60, 129 
Indolate betaines, and precursors, 60, 205, 
229 
Indoles 

cycloaddition to nitrile oxides, 
regioselection. 60, 274 
halogenation, 59, 254-66 
protection and lithiation, 59, 265 
reaction with acetylenic esters, 
nitrilimines, 56, 125 
Indole, resonance energy, 56, 352 
Indole anion, and isoconjugate systems, 
electronic spectra, 55, 330 
Indole 2-carbanions*, generation, 56, 172 
Indole 3-carbanions*, generation, 56, 178 
Indoles, 1-substituted, lithiation, 56, 173 
Indoles, 3-acyl-, Wolff-Kishner reduction, 
56, 124 

Indoles, 3-o-aminobenzoyl-, 
rearrangement, 56, 125 
Indoles, 2-arylthio-, rearrangements, 56, 
125-6 

Indole, 6-azido-4,5,7-trifluoro-, photolysis, 
59, 27 

Indole, l-benzenesulfonyl-3-iodo-, halogen- 
metal exchange, 56, 179 
Indole, l-benzenesulfonyl-2-(2-pyridyl)-, 
lithiation, 56, 178 

Indole, 2-bromo-, synthesis, 59, 264 
Indole, 3-bromo-, synthesis, 59, 260 
Indole, 4-, 5-, 6-, 7-bromo-, synthesis, 59, 
264 

Indole, 7-bromo-, halogen-lithium 
exchange, 56, 182 

Indole, 1-carboxy-, Cr(CO) 3 complex, 
lithiation, 56, 175 
Indoles, 1-chloro-, formation and 
rearrangement, 59, 255 
Indoles, 2-chloro- 
oxindole from, 59, 256 
synthesis, 59, 259 

Indole, 3-chloro-, oxindole from, 59, 256 
Indole, 3-(a-cyano-/3-(4-pyridyl)vinyl)-, 
irradiation, 56, 126 
Indole, 1,2-dimethyl-, bromination in 
neutral and acid media, 59, 262 
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Indole. 2,3-diphenyl-, nitration, 58, 222 
Indoles, fluoro- and trifluoromethyl-, 
syntheses, 60, 18 
Indole. 2-iodo-, 59, 266 
Indoles, 3-lithio-, opening of pyrrole ring 
to acetylenic system, 56, 178, 180 
Indoles. 1 -(p-methoxybenzenesulfonyl-. 

2.3-dilithiation, 56, 180 
Indoles, 2-methyl-, chlorination, 59, 259 
Indoles, 2-(l,3,4-oxadiazol-2-yl- and 5- 
oxo-)-, rearrangements, 59, 54 
Indoles, 2-oxoperhydro-, synth by radical 
cyclizations, 58, 36 
Indoles, perhydro-, synth by radical 
cyclizations, 58, 27 
Indole, 1-phenyl-, lithiation, 56, 191 
Indoles. 2-phenyl-, chlorination by N- 
chloroisatin, 59, 257 
Indoles, 2-phenyl-3-substituted. ipso- 
nitration, 58, 222 

Indole, potassium salt, lithio-derivatives in 
carbocycle, 56, 184 
Indoles, 4,5,6,7-tetrafluoro-, 60, 26 
Indole, 4,5,6,7-tetrafluoro-2,3-dihydro-*, 

59, 15 

Indole, 4,5,6,7-tetrafluoro-3-methyl-, 59, 15 
Indole, 6-trifluoromethyl-, 59, 15 
Indoles, 1-trimethylsilyl-, Cr(CO), 
complexes, lithiation, 56, 184 
Indoles, 2-trimethylsilyl-, Cr(CO)j 
complexes, lithiation, 56, 181 
3//-Indoles 

coordination to Pd, 58, 143 
nitration, 58, 222 

3//-Indoles, 3-chloro-. isolation, 59, 257 
3//-Indoles, 3-chloro- (hydroxy-, methoxy-)- 
3-methyl-2-phenyl-, 59, 258 
3//-Indoles, 3-halo-, formation, 

intermediacy in halogenations. 59, 256 
Indole-3-acetonitrile oxide, 4-alkenyl-, 
intramolecular cycloaddition, 60, 310 
Indole-2-carbaldehyde. 1-methyl-, 
lithiation, 56, 179 

Indole-3-carbaldehyde dimethylhydrazone, 
cycloaddition to methylmaleimide, 

57, 15 

Indole-3-carbaldehyde. 1-methyl-, 
lithiation, 56, 172 

Indole-3-carbonitriles, formation in 
rearrangement, 56, 64 


Indole-2-carboxamide. I-benzenesulfonyl- 
N-t-butyl-. lithiation with ring 
cleavage, 56, 178 

Indole-2-carboxamide, A'.A'-dicthyl-1 - 
methoxymethy!-, lithiation. 56, 179 
Indole-3-carboxamide, IV-t-butyl-l-methyl-, 
lithiation, 56, 178 

Indole-3-carboxamide, TV,,V-diethyI-1 - 
methyl-, lithiation, 56, 172 
Indole-2-carboxylate salt, I- 

methoxymethyl-, lithiation. 56, 179 
Indole-2-carboxylic ester, I-hydroxy-, 
reaction with Vilsmeier reagent, 59, 
259 

Indole-3-carboxylic acid, 1-methyl-, 
lithiation. 56, 172 
Indolenines, see 37/-Indoles 
Indolin-2-ones. formation from 2- and 3- 
chloroindoles, 59, 256 
Indolin-2-ones, fluoro- and 

trifluoromethyl-, syntheses, 60, 18 
Indolin-2-ones, perhydro-, synth by radical 
cyclizations, 58, 27 
lndolin-2-one, 3,3,5-trichloro-, 59, 258 
Indolin-3-one, 1-acetyl-, reaction with 
carbon disulfide. 59, 54 
Indolisation, of 6-(/3-phenylhydrazino)uracil, 
55, 176 

3«-lndolium ion, 2-oximinomethyl-1,3,3- 
trimethyl-, condensation with 
methylthiopyrylium ion, 60, 131 
Indolizidines, aminium radical cyclization 
forming. 58, 21, 22 

Indolizine, calculated electron densities, 

55, 276 

Indolizines, halogenation. 59, 310 
Indolizine and analogues, electronic 
spectra, 55, 330 

Indolizines. l,2-bis(trifluoromethyl-, 59, 12 
Indolizine, 2-methyl-, thioformylation, 

55,4 

Indolizines, 2-phenyl-, nitration, 58, 222-4 
Indolizines. 1-and 1,2-bistrifluoromethyl-, 
from pyridinium ylids, 60, 37 
Indolizines*. l-trifluoromethyl-2-fluoro-, 
from pyridinium ylids, 60, 36 
Indolizine*. 1,2,3-tristrifluoromethyl-, 

60, 31 

Indolizine-3,5-dione, 1,2,8,8a-tetrahydro-, 
formation, 58, 180 
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Indolizin-3(2//)-ones, l,7,8,8a-tetrahydro-, 
57, 19, 20 

Indolo[2,3-a]acridizinium salt, and 5.14- 
dimethyl deriv, 55, 319 
Indol-2-one, 3-cyclohexylamino-l,4,5,6- 
tetrahydro-5-methoxy-, 57, 32 
Indolo[2,3-b]quinolines, synthesis by 
intramolecular cycloaddition, 57, 50 
Indolo[3,2-6]quinoline, bromination, 59, 

310 

Indolo[2,3-a]quinolizines, 56, 178 
Indolo[2,3-a]quinolizinium salts, 55, 317 
2-Indolylcyanocuprate. 1-methyl-, reaction 
with electrophiles, 56, 278 
2-Indolylmagnesium bromide, 1-methyl-, 
use in cross-coupling, 56, 277 
Indoxazenes, see 1,2-Benzisoxazoles 
Infrared spectra 

of 2,3-dihydro-l,4-diazepines and 
-diazepinium salts, 56, 17 
of 1,4-dioxin, 56, 384 
of heterocyclic betaines and precursors, 
60, 223 

of pyrylium and thiopyrylium ions, 60, 
69, 78 

of thiopyrans and selenopyrans, 59, 235 
of [l,2,4]triazolo[l,5-o]pyrimidines, 57, 
105 

Inosine, O-protected, lithiation, 56, 205 
Inositols, chiral auxiliaries in nitrile oxide 
cycloadditions, 60, 289 
Inside alkoxy effect, in cycloadditions of 
nitrile oxides, 60, 278-81, 284 
Iodination 
methods of 57, 298 

of l-acetyl-2-methylindolizine, 59, 310 
of 6-arylpyran-2-ones, 58, 297 
of benzimidazoles, 59, 271-2 
of benzo[b]thiophene, 59, 254 
of carbazoles, 59, 268 
of chromones via lithiation, 59, 301 
of dibenzofuran, 59, 252 
of 2,3-dihydro-1,4-diazepines and salts, 
56, 26, 28 

of 5-ethyl-l,2-dimethyl-l,2-dihydro-l,2,3- 
diazaborine, 58, 327 
of furans, 57, 308 
of hydroxycinnolin-3-ones, 59, 302 
of imidazoles, 57, 353 


of indoles 

direct methods, 59, 265 
via lithiation, 59, 265 
via thalliation, 59, 259 
of isoquinolines, 59, 297-8 
of isoxazoles, 57, 362 
of oxazoles, 57, 364 
of pyrazines, 58, 320 
of pyrazoles, 57, 343 
of pyridines, 58, 289-91 
of pyrimidines, 58, 309 
of pyrroles, 57, 332 
of quinolines, 59, 293-4 
of selenophene and lithioselenophene, 
57, 335 

of tetrazoles, 57, 359 
of thiazoles, 57, 369 
of thiophenes, 57, 321 
of 1,2,4-triazoles, 57, 359 
Iodolium salt, tetraphenyl-, formation, 57, 
335 

Ion-exchange resins, isolation of betaines 
using, 60, 220 

Ionophoric betaines, 60, 221, 229 
fpio-nitration, of 3-substituted 2- 
phenylindoles, 58, 222 
fpso-substituent effects, for gem- 
dimethoxy groups, 60, 148 
Iridium 
complexes of 
benzo[£>]thiophene, 58, 150 
2,5-dimethylthiophene, reactions, 58, 
150 

thiophene, 58, 149 
Iron tricarbonyl 1-azabuta-1,3-diene 
complex, 57, 6 

rj 4 -Iron tricarbonyl 1,3,5-triene complexes, 
diastereoselective cycloaddition of 
nitrile oxides, 60, 294 
Isatins, condensation with 
thiosemicarbazide, 59, 56 
Isoalloxazine 5-oxides, 55, 202 
Isoalloxazines, syntheses from 6- 
anilinouracils, 55, 202 
Isobenzofuran, resonance energy, 56, 352 
Isobenzofuran, 1,3-diphenyl-, trapping of 
selenoaldehydes by, 55, 15 
Isobenzotellurophene 2,2-diiodide*, 1,3- 
dihydro-, structure and color, 58, 109 
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Isocil, structure, 55, 134 
Isocoumarins, see 2-Benzopyrans 
Isocyanates 
condensation with 
j8-aminocrotonates, 55, 137 
carbethoxyuracil phosphiminimes, 55, 
163 

reaction with 

4-benzyl-5-benzylimino-1,2,4- 
dithiazolidin-3-one, 56, 119 
oxazole W-oxides, 56, 131 
thiatriazolidinimines, 56, 117 
Isocyanates, acyl, aryl, reaction with 
triphenylphosphine /V-triazinylimines, 
59, 147, 148 

Isocyanate, chlorosulfonyl, reaction with 
2-arylhydrazono-3-oxobutanoate, 59, 
148 

Isocyanates, a-phenylimino-, dimerization, 
quinazolin-4-ones from, 57, 64 
Isocyanates, vinyl 
cycloadditions to, 57, 36, 46 
generation, uses in synthesis, 57, 30, 46 
Isocyanides 
reaction with 

1,3-diazabuta-1,3-dienes, 57, 60 
/V-(hexafluoroisopropylidene) amides 
and thioamides, 60, 40-1 
Isocyanide, benzyl, reaction with 

bistrifluoromethyl-1,2,4,5-tetrazine, 

59, 23 

Isocyanide, t-butyl, reaction with 
nitroalkenes, 60, 266 

Isocyanide, cyclohexyl, reaction with vinyl 
isocyanates, 57, 31 

Isocyanides, /8-hydroxyvinyl enolates, 56, 
216 

Isocyanides, a-metalated, oxazolines and 
thiazolines from, 56, 266 
Isocyanide, p-tolyl, reaction with 
benzoquinone, 57, 5 

Isocyanide, trifluoromethyl, reaction with 
hexafluoroacetone, 60, 47 
/3-Isocyanoethyl trimethylsilyl ether, 56, 

265 

/3-Isocyanoethyl trimethylsilyl thioether, 

56, 266 

Isodesmic reactions, in R.E. calculations, 
56, 308, 315, 402-5, 407, 409, 412 


Isodesmic stabilisation energies (ISE), 56, 
316, 402-5, 408 

Isofervenulins, synthesis, 55, 155, 169, 174 
Isogramine, rearrangement to gramine 
analogs on lithiation, 56, 175 
Isoindole, resonance energy, 56, 352 
Isoindole-4,7-dione, 2-tolyl-3-tolylamino-, 
57, 5 

Isoindol-l-one, 2,3-dihydro-, reaction with 
benzonitrile oxides, 60, 270 
Isoindolo[2,1,7-m/ia]phenothiazin-12-one, 
56, 257 

Isoindolo[ 1,2,3-<fe]quinolizinium (ion) 
nitrogen nmr, 55, 335 
synthesis, structure, 55, 304, 313, 320 
Isomerization, of chloro-thiophenes on 
zeolites, 57, 314 
Isonitriles, see Isocyanides 
Isoprene, cycloaddition to ArNS, 55, 22 
Isoquinolines 
halogenation, 59, 296-8 
synthesis from cyclopropylideneacetic 
esters and benzophenone imine, 

57, 24 

Isoquinoline 2-oxides, Meisenheimer 
chlorination, 59, 296 

Isoquinoline 2-oxide, bromination, 59, 297 
Isoquinolines, /V-alkoxy-1,4-obenzeno- 

1.2.3.4- tetrahydro-, 58, 9 
Isoquinoline, l-(3,4-dimethoxybenzyl)- 

1.2.3.4- tetrahydro-6,7-dimethoxy-2- 
methyl-, lithiation, 56, 262 

Isoquinolines, hydroxy-, bromination, 
iodination, 59, 297 

Isoquinolines, 1- and 4-lithio-, 56, 245 
Isoquinoline, I-lithio-5,6,7,8-tetrahydro-, 
56, 246 

Isoquinoline, perfluoro-, 59, 298 
Isoquinolines, 1-styryl-, cyclization, 55,291 
Isoquinolines, 1,2,3,4-tetrahydro-l-(l ,2,4- 
oxadiazoI-3-ylmethyl/methylene)-, 
rearrangement, 56, 75, 78 
Isoquinolines, 1-trifluoromethyl-, 59, 16 
Isoquinoline-1,4-dione, 3-phenyl-, 58, 204 
Isoquinolin-4( 1 //)-ones, 3-aryl-1,1- 
diphenyl-, 57, 34 

Isoquinoline-l-carbaldehyde, synthesis of 
dibenzo[a,g]quinolizinium salts using, 
55, 288 
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Isoquinoline-1 -carbonitrile, synthesis of 
dibenzo[u,g)quinolizinium salts using, 
55, 288 

Isoquinoline-6-carbonitrile, 7-(o- 
aminophenyl)-, 56, 126 
Isoquinoline-3,4-dicarboxylates, 5,6,7,8- 
tetrahydro-, 57, 43 
Isoquinolinium ion 

condensation with mesityl oxide, 55, 284 
reactivity indexes, 55, 344 
Isoquinolinium ion, 2- 

ethoxycarbonylmethyl-1-methyl-, in 
Westphal condensation, 55, 284 
Isoquinolinium ions, 2-styryl- and 

benzologues, cyclization, 55, 293, 306 
Isoquinolinium salts, 3-aryl-, synthesis, 
dibenzo[a,g]quinolizinium salts from, 
55, 288 

Isoquino[2,l-/]phenanthridinium (ion), 14- 
methoxy-11-methyl-, 55, 302 
Isoselenazoles, halogenation, 57, 369 
Isoselenazoles, 4-bromo-, synthesis, 57, 
369 

Isoselenazolo[4,3-d]pyrimidine-5,7-diones, 

55, 189 

Isotellurazoles, synthesis, 58, 51 
Isothiazoles 
bromination, 57, 365 
chlorination, 57, 364 
deprotonation at C-3 and cleavage, 56, 
213 

lithiation at C-4*, 56, 216 
lithiation at C-5, 56, 215 
Isothiazole, 5-amino-3-methyl-, phenyl-, 
reaction/rearrangement with nitriles, 

56, 100 

Isothiazoles, 5-(<x-aminostyryl)-3-aryl-, 
isoheterocyclic rearrangement, 56, 

101 

Isothiazole, 3-aryl-5-methyl-, reaction/ 
rearrangement with nitriles, 56, 101 
Isothiazole, 5-chloro-3-methyl-, 57, 365 
Isothiazoles. 3-phenyl-, nitration, 58, 242 
Isothiazoles. 5-phenyl-, 57, 5 
Isothiazoles, trifluoromethyl-, from 
carboxylic acids and SF 4 , 59, 10 
Isothiazole-5(2//)-thiones, reaction/ 
rearrangement with acetylenes, 56, 

103 


Isothiazol-3(2//)-imine, 5-benzoyl-iV,2- 
diphenyl-, rearrangement of oxime, 

56, 100 

lsothiazol-5(2/7 )-imines, reaction/ 

rearrangement with isocyanates, 56, 
103 

Isothiazol-3(2//)-ones, 5-aroyl-, oximes, 
hydrazones, rearrangement, 56, 99 
Isothiazol-3(2//)-ones. 2-substituted 
bromination, 57, 365 
chlorination, 57, 364 
Isothiazolo[4,3-/)]pyridine, bromo- 
dediazoniation, 59, 318 
Isothiazolo[3,4-</]pyrimidine-4,6-dione, 3- 
dimethylamino-5,7-dimethyl-, 55, 163 
Isothiazolo[3,4-<flpyrimidine-4,6-diones, 3- 
amino-5,7-dimethyl-, 55, 165 
Isothiazolo[4,3-d]pyrimidine-5,7-diones, 

55, 189 

/V-(5-IsothiazolyI)amidines, rearrangement, 

56, 100 

Isothiocyanates 

reaction with 4-benzyl-5-benzylimino- 
1,2,4-dithiazolidin-3-one, 56, 119 
reaction with 5-dimethylamino-1,2,4- 
dithiazol-3-imines, 56, 119 
reaction with thiatriazolidinimines, 56, 
117 

Isothiocyanate, allenyl, generation, 
thiazoles from, 57, 28 
Isothiocyanate, propargyl, gas-phase 

thermal isomerization, thiazoles from, 

57, 28 

Isothiocyanates, vinyl, cycloadditions to, 
57,49 

Isothiocyanates, alkyl, reaction with 

triphenylphosphine /V-triazinylimines, 
59, 147, 148* 

Isotope effects, in imidazole iodination, 

57, 353 

Isouramil, structure, 55, 133 
Isoxazoles 
bromination, 57, 361 
chlorination, 57, 360 
deprotonation at C-3 and cleavage, 56, 
213 

deprotonation at C-5 and cleavage, 
synthetic uses, 56, 213-4 
halogenation, 57, 360 
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iodination, 57, 362 
lithiation at C-4, 56, 214 
rearrangements of forming furazans, 

56, 57 

regiospeciflc synthesis from 4-amino-1- 
azabuta-1,3-dienes, 57, 7 
Isoxazole, 4-acetyl-5-methyl-3-phenyl-, 
oxime, phenylhydrazone 56, 128 
Isoxazoles, N- and C-o-complexes, 
reactivity, 58, 158 

Isoxazoles, 4-acyl-, from 5-acylpyrimidine 
oxime rearrangements, 56, 142 
Isoxazoles, 3-acylamino- 
formation in rearrangement, 56, 67 
rearrangement to 2-acylaminooxazoles, 
56, 68 

Isoxazoles, 5-acyl-4,5-dihydro-, Grignard 
reactions with, 60, 295 
Isoxazoles, 3-acyl-, hydrazones, 
rearrangements, 56, 63. 91 
Isoxazoles, 5-alkyl-, side-chain lithiation, 
56, 214 

Isoxazoles, 3-allyl anions, rearrangement, 
56, 75 

Isoxazole. 4-amino-3,5-dimelhyl-, 
diazolization, 56, 128 
Isoxazole, 3-amino-5-phenyl-4-phenylazo-, 
reaction with EtOCONCS, 56, 72 
Isoxazoles, 5-anilino-3-aryl-4,5-dihydro-4- 
methylene-, formation and 
rearrangement, 60, 304 
Isoxazole, 3-ary!-5-phenacyl-, 

arylhydrazones, rearrangement to 5- 
oxido-l-phenylpyridazinium betaines, 
56, 129 

I soxazole, 3-t-butyI-4,5-dihydro-5- 
pivaloylmethyl-. oxime, 60, 155 
Isoxazoles, 3- and 5-chloro-, synthesis, 57, 
360 

Isoxazoles, 3,5-diaryl-4,5-dihydro-4-nitro-, 
bromination of acj'-nilro salt, 57, 

362 

Isoxazoles, 3-di(tri)fluoromethyl-5-octyl-, 
60, 27 

Isoxazoles. 4,5-dihydro- 
alkylation at C4, 60, 294 
hydroxylation at C4, 60, 294-5 
oxidation to isoxazoles, 60, 302 
uses. 60, 297-305 


Isoxazoles, 4,5-dihydro-3-vinyl- 
cycloaddition of nitrile oxides, 
diastereoselection. 60, 282-3 
hydroxylations, 60, 296, 300 
Isoxazoles, 4,5-dihydro-5-vinyl-, 
cycloaddition of nitrile oxides, 
diastereoselection, 60, 282-3 
Isoxazole, 4.5-dihydro-3-phenyl-, nitration, 
58, 241 

Isoxazole. 4,5-dihydro-5-spiro-cyclopropanes 
cleavage to 5-(subst. ethyDisoxazole, 60, 
304 

formation. 60, 275, 278 
rearrangement to dihydropyridones. 60, 
302 

Isoxazole, 3,5-diphenyl-, nitration, 58, 240 
Isoxazoles, fused 4,5-dihydro-3- 

oximinoalkyl-, rearrangement, 56, 58 
Isoxazoles, 4-o-hydroxyphenyl-, formation 
from 3-acylbenzofurans, 56, 123 
Isoxazole, 3-methyl-5-tributylstannyl-, 
iodo-destannylation, 57, 362 
Isoxazoles, phenyl- 
kinetics of bromination, 57, 362 
nitration, 58, 239-41 
Isoxazoles, trifluoromethyl-, synth from 
trifluoroacetyl alkynes, 59, 16 
Isoxazole-3-acetic acid, 4-cyano-5-methyl-, 
formation by rearrangement, 56, 71 
Isoxazole-5-acetic esters, a-amino-a- 
trifluoromethyl-, 60, 36 
Isoxazole-4-acraidehydes, 3-aryl-, from 3- 
aroylpyridine oxime methiodides, 56, 142 
Isoxazole-5-carbaldehydes. 4,5-dihydro-, 
Grignard reactions with, 60, 295 
Isoxazole-5-carboxylate, 3-t-butyl-4,5- 
dihydro-, t-butyl ester, enzymic 
resolution, 60, 296 
Isoxazole-5-methanol, 3-bromo-4,5- 

dihydro-, enzymic resolution, 60, 296 
Isoxazole-5-methanol, 4,5-dihydro-3- 
phenyl-, diastereoisomers, 60, 292-4 
Isoxazolines, see Isoxazoles, dihydro- 
Isoxazolium salts, 2-carbethoxymethyl-, in 
tetramic acid synthesis, 57, 154 
Isoxazolium salt, 2-methyl-5-phenyl-, 
condensation with 

aminopyrrolinonecarboxylic acids, 57, 
154 
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Isoxazolium salts,* 5-aryl-2-t-butyl-, 
reaction with 1,2-diaminoethanes, 
56,9 

Isoxazol-5-ones, bromination, 57, 362 
Isoxazolones, formation by uracil ring 
transformation, 55, 213 
IsoxazoI-5(4//)-ones, in rearrangement 
reactions, 56, 64, 71 
Isoxazol-5-ones, 4-acyl-, rearrangement 
with hydrazine, 56, 128 
IsoxazoI-3-one, 2-benzyl-5-phenyI-*, 
bromination, 57, 362 
Isoxazol-5(2/f )-one, 2-methyl-4-nitro-, 
thermolysis, 60, 269 
Isoxazolo[4,5-6]pyrazine 7-oxide, 
Meisenheimer reaction, 59, 327 
Isoxazolo[4,5-6]pyrazines, 3-acylamino-, 
rearrangement, 56, 69 
Isoxazolo[4,5-rf]pyridazine-4,7-dione, 5.6- 
dihydro-, chlorination, 59, 326 
I soxazolo[3' ,4' :4,5]pyrido[2,3-<flpyrimidine- 
7,9-dione, spiro-thieno- and furo- 
fused, 55, 192 

IsoxazoIo[3,4-<flpyrimidine-4,6-diones, 3- 
amino-, 55, 190 

Isoxazolo[3,4-tflpyrimidine-4,6-dione, 3- 
amino-7-methyl-5-phenyl-, 55, 208 
Isoxazolo[3,4-<flpyrimidine-4,6-diones, 5,7- 
dimethyl-, formation, reactions, 
photochemistry, 55, 182 
Isoxazolo[3,4-£/]pyrimidine-4,6-diones, 55, 
190 

Isoxazolo[2,3-<j]pyrimidinium (salts). 2- 
amino-, rearrangement, 56, 79 
Isoxazolo[2,3-n][l,3,5]triazine system, 

56, 72 

lsoxazoI-3-yl thioureas, rearrangement, 

56, 72 


J 

Japp-KIingemann reactions, of 3-diazonio- 
1,2,4-triazoles, 59, 137 
Julg A index 

aromaticity of borin, 56, 339 
definition, 56, 321 


K 

Ketanserin, structure, use, 55, 132, 133 
Ketenes 

cycloadditions as 2-7r component, 57, 
18,67 

photocycloaddition to 3-pheny!-6- 
trifluoromethyl-1,2,4-triazin-5-one, 
59, 44 

reaction with 

4-benzyl-5-benzyIimino-l ,2,4- 
dithiazolidin-3-one, 56, 119 
1,2,3,4-thiatriazol-5(4//)-imines, 56, 

116 

Ketene acetals 
cycloaddition to 

benzo[b]quinolizinium salt, 55, 313 

2- diazoimidazoles, 59, 94 

3- diazopyrazoles, 59, 68 
photocycloaddition to uracils, 55, 143 

Ketene, diphenyl, reaction with 1,3- 
diazabuta-l,3-dienes, 57, 67 
Ketene silyl acetals, /3-oxoalkylation of 3- 
(2-pyridylthio)-piperazinediones by, 

57, 244 

Ketenes, trimethylsilyl-, synthesis, 56, 214 
Ketenimine l(3)-anion, generation, use, 56, 
206 

Ketenimines, /V-aryl-, cycloadditions as 4- 
7 t component, 57, 50 

Ketimines, a^-unsaturated, see l-Aza-1,3- 
dienes 

Ketones, /3-hydroxy-, synthesis via 
isoxazolines, 60, 298, 301, 314 
Ketones, a^-unsaturated, synthesis via 
isoxazolines, 60, 298, 314 
Kinetics 

of amidyl radical reactions, 58, 35 
of amine reactions with thiopyrylium 
ions, 60, 150 

of aminyl radical reactions, 58, 14 
of bromination 
of benzimidazole, 59, 270 
of benzofuran, 59, 248 
of imidazo[l,2-n]pyridine, 59, 315 
of indazole, 59, 269 
of thieno[2,3-h]thiophenes, and S/Se 
and Se/Se analogues, 59, 282 
of chlorination of carbazoles, 59, 266 
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of Dimroth rearrangements of triazolo- 
pyrimidines, 57, 96 

of hydrazone configurational inversion, 
56, 91 

of methoxide addition to pyrylium and 
thiopyrylium ions, 60, 146-8 
of nucleophilic substitution in polyfluoro 
aza-aromatics, 59, 19 
rearrangements 

of 5-(/3-aminovinyl)-isothiazoles, 56, 
101 

of five-membered heterocycles, 56, 
85-95 

of l,2,3,4-tetrahydro-l-(l,2,4- 
oxadiazol-3-ylmethyl/ 
methylenejisoquinolines, 56, 78, 
94 

of thiopyrylium salt reactions with 
methoxide, 59, 193 


L 

Labelling 

in mixed chalcogenopyrylium dye 
formation, 60, 128 

nitrogen 

of 5-(/3-aminovinyl)isothiazole 
rearrangement, 56, 101 
of oximino-furoxan, 56, 61 
/3-Lactam antibiotics, synthesis, 58, 178 
Lactams, perfluoro-, from perfluoro-cyclic 
amines, 59, 22 

/3-Lactams, from cycloadditions to 1,3- 
diazabuta-1,3-dienes, 57, 67 
Lactim ethers, piperazinedione-derived, 

57, 254 

/3-Lactones, synthesis, 56, 214 
Lanthanides, complexes with acyltetramic 
acids, 57, 157 

Laser dyes, thiopyrylium salts, 60, 171 
Lawesson’s reagent (LR), use in thiopyran 
thionations, 59, 226 
Lead!IV) acetate 

acetoxylation of piperazine-2,5-diones, 
57, 235 

oxidation of a nitroso-amine by, 55, 168 
Leaving groups in electrophilic 
halogenation, 57, 293, 299 


Lenacil, structure, 55, 134 
Leuchs anhydrides (l,3-oxazolidine-2,5- 
diones), diketopiperazines from, 57, 
195 

Lewis acids 

catalysis in quinoline bromination, 59, 
289 

effect of on cycloadditions, 60, 273, 287 
Lifetimes, of aza- and diaza- 
cyclopentadienones, 58, 196 
Ligands, coordinated 
acidity constants, 58, 130 
reactions of (review), 58, 123 
Linear free energy relationships, see 

Hammett correlations; Yukawa-Tsuno 
plots 

Lipophilieity, of fluorine-containing 
groups, 60, 3 

Liquid crystals, thiopyrylium, 
selenopyrylium salts 60, 171 
Literature, on nitrile oxide cycloadditions, 
60, 261-2 

Literature of heterocyclic chemistry (index 
to reviews), 55, 31 
Literature (reviews) 
of coordination chemistry of 
heterocyclic ligands, 58, 164 
of quinolizinium and analogous systems, 
55, 262 
Lithiation 

of azaheterocycles (review), 56, 155 
of dibenzofuran, 59, 252 
of 2- and 3-fluoropyridines, 59, 24 
of pivaloylamino- and fluoro-pyridines, 
58, 290 

of 1-substituted pyrazoles, 57, 343 
of thianthrene, 59, 307 
iV-(a-Lithioformyl) pyrrolidines, etc., 
generation, reactions, 56, 259 
/V-(a-Lithiothioformyl) pyrrolidines, etc., 
generation, reactions, 56, 259 
Lithium amides, oxidation to aminyl 
radicals, 58, 5 

Lithium fluoride cyclic dimer, trimer, 

tetramer, dissociation energies, 56, 343 
Lithium-containing four-membered rings, 
56, 339. 381 

Lithium-containing six-membered rings, 
calculations, 56, 384 
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London susceptibility, 56, 324 
LTD 4 , peptido-leukotriene, analog, 57, 190 
Lumazines, 6-aryl-, 55, 159, 182 
Lumazines, 7-aryl-, 55, 169 
Lumazines, 6-hydroxy-7-phenyl-, 55, 169 
Lumazine, 1,3,6-trimethyl-, 55, 171 
Luminescence 

of 1,3-dimethy 1[ 1,2,4]triazino[2,3-/]- 
purine-2,4-diones, 59, 112 
fluorescence and phosphorescence of 
arylthiopyrylium ions, 60, 78-9, 113 
fluorescence of quinolizinium ions, 55, 
352 

of imidazo[I,2-b][l,2,4]triazines, 59, 91 
of imidazo[2,l-c][l,2,4]triazines, 59, 96 


M 

Macrocycles, synthesis by intramolecular 
nitrile oxide cycloaddition, 60, 306 
Magnetic criteria of aromaticity, 56, 324 
Malealdehyde, formation from furan, 57, 
306 

Maleic diamide derivs, oxidative 
cyclization to uracil, 55, (37 
Maleic hydrazide, chlorination, 58, 299 
Maleimides, dihalo-, photoreactions with 
uracils, 55, 146 

Malondialdehydes, reaction with 
ethylenediamine, 56, 4 
Malondialdehyde bisfmethyl/phenylanil), 
use in dihydrodiazepine synthesis, 56, 5 
Malonic acid, 2-amino-2-methyl 1- I3 C, 
synthesis, 57, 267 
Malonic esters, condensation with 
a-aminonitriles, 57, 150 
Malonic ester, 1-ethoxyethylidene-, 
condensation with aminotriazoles, 

57, 87 

Malononitrile, reaction with 4-acetyl-2,5- 
dimethyloxazole, 56, 130 
Manganese complexes 
of 4-cyclopentadienylidene-2,6- 
diphenylthiopyran, and O, NR 
congeners, polarography, 60, 98 
of 4-cyclopentadienyl-2,6- 

diphenylpyrylium, and S, NR 
congeners, electrochemistry, 60, 98 
with selenoformaldehyde, 55, 19 


Manganese tricarbonyl, complexes of 
thiophene, 58, 148 

Mannich reactions, of [l,2,4)triazolo[I,5- 
a]pyrimidin-7-ones, 57, 114, 115 
Mass spectra 

of benz[4,10]anthra[ 1,9,8-Ajya]quin- 
olizinium salt, 55, 335 
of 2,3-dihydro-1,4-diazepines, 56, 21 
of heterocyclic betaines, 60, 229 
of pyrylium and thiopyrylium salts, 

60, 91 

of [l,2,4]triazolo[l,5-o]pyrimidines, 57, 
105 

of uracil, 55, 132 
Mass spectrometry 
cyclization of azonia-heterocycles 
during, 55, 335 
of thiopyrans, 59, 236 
Mechanisms, laser flash spectrometry for 
benzyl group migrations in thiopyrans, 
59, 236 

Meisenheimer reactions 
of imidazo[4,5-c]pyridine 5-oxide, 59, 

316 

of isoquinoline 2-oxides, 59, 296 
of isoxazolo[4,5-6]pyrazine 7-oxide, 59, 
327 

of isoxazolo[4,5-i]pyrazine 7-oxide, 59, 
327 

of I -methylimidazo[4,5-A]pyridine 4- 
oxide, 59, 315 

of 1,6-naphthyridine dioxide, 59, 333 
of phenanthridine N-oxide, 59, 296 
of phenanthroline N-oxides, 59, 288 
of pteridine N-oxides, 59, 339 
of pyrazine oxides, 58, 316 
of pyridazine oxides, 58, 299 
of pyridine oxides, 58, 277 
of pyrrolo[2,3-bJpyridine 7-oxide, 59, 

309 

of quinoline 1-oxides, 59, 288 
of quinoxaline 1-oxide, 59, 305 
of thieno[3,2-b]pyridine 4-oxide, 59, 313 
Melamine, halogenation, 58, 324 
Meldrum’s acid 

application to tetramic acid synthesis, 

57, 144, 146, 150 
condensation with 

2- diazoimidazole, 59, 95 

3- diazopyrazoles, 59, 71 
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reaction with 3-diazonio-1.2,4-triazoles, 
59, 137 

Meldrum’s acid, (2,6-diphenylteIluropyran- 
4-ylidene)-, formation, decomposition, 
60, 120, 162 

Meneidic behavior, of aromatic 
compounds, 56, 307 
Menschutkin reaction, 60, 207 
Menthol, chiral auxiliary in nitrile oxide 
cycloadditions, 60, 287 
Mercuriation, of 4-benzylidene-2,6- 
diphenylthiopyran, 60, 120 
Mercuric chloride, reaction with 
thiopyranthiones, 60, 118 
Mercury (ions), complexation with 2- 
phenylbenzo[ 1,2]quinoIizino[3.4,5,6- 
de/lphenanthridinium ion, 55, 352 
Mesityl oxide, condensation with 

isoquinolinium perchlorate, 55, 284 
Mesoionic fused systems 
2-imino[ 1,2,4Jtriazolo[ 1,5- 
d][1.2,4]triazines, 59, 143 
oxazolo[3,2-«]pyridin-4-ium-2-olate, 
halogenation, 59, 318 
[ 1,3,4]thiadiazolo[2,3-c][l ,2,4]triazin-5- 
ium-7-imidates, 59, 147 
thioxo-indolothiazolium species, 

59, 54 

Mesomeric betaines 
6,7-dihydro-[ 1,2,4]triazino[ 1,6-c]- 
quinazolin-5-ium-l-olates, 59, 57 
2-methy lpy razolo[5,1 -c][ 1,2,4]triazin-2- 
ium-4-olate, 59, 71 

5-methylthiazolo[3,2-<j]pyridin-4-ium-8- 
olate, bromination, 59, 318 
2-methyl[ 1,2,4]triazolo[5, l-c][ 1,2,4]- 
triazin-2-ium-4-o!ates, 59, 137 
oxido-dibenzo[r,/]quinoliziniumolate 
derivatives, 55, 294 
pyrazolo] 1,5-<7][ 1,2,4]triazin-6-ium-4- 
olate, 59, 77 

Metal complexes, with thioaldehydes, 

55, 13 

Metal extraction agents, [l,2,4]triazolo- 
[l,5-fl]pyrimidines, 57, 128 
Metallo-organic compounds, reaction with 
thioformates, 55, 10 

Methanenitronic ester, benzenesulfonyl-, 
formation, decomposition, nitrile 
oxide from, 60, 265 


Methanesulfonyl chloride, reaction with 4- 
amino-l-azabuta-1,3-dienes, 57, 23 
1,6-Methano[ 10]annulene, condensation 
with 3-diazopyrazoles, 59, 74 
Af-Methoxyalkenamines, anodic oxidation, 
58, 9 

Methylthiouracil, structure and use, 55, 132 
Microbial growth inhibitors, 

[ 1,2.4]triazolo[ 1,5-a]pyrimidines, 57, 
126 

Micrococcinic acid (a polythiazoiylpyridine), 

56, 277 

Mimosamycin (marine alkaloid), synthesis, 

57, 41 

Mitsunobu reactions, with a 2-(a- 

hydroxyalkyl)-pyrrole or -indole, 59, 
49, 59, 55 

Molybdenum hexacarbonyl, in isoxazoline 
cleavage, 60, 299 

Molybdenum tricarbonyl complexes, of 
3,5-diphenyl-1-alkylthiabenzenes, 59, 
206 

Morpholines, electrochemical fluorination, 
59,5 

Morpholine enamines, a-lithio-, 56, 259 
Morpholine, Af-(3-alkoxyphenyl)-, 
lithiation, 56, 260 

Morpholine, Af-benzyl-, lithiation, 56, 261 
Morpholines, branched, fluorination, 59, 3 
Morpholine, Af-(a-lithioformyl)-, 56, 259 
Morpholine, A/-(a-lithiothioformyl)-, 56, 
259 

Morpholine, A/-(/3-lithiovinyl)-, 56, 260 
Morpholine, N-phenyl-, nitration, 
nitrosation, 58, 257 
Mukaiyama method, of nitrile oxide 
synthesis from nitroalkanes, 60, 264 
Muscle relaxants, imidazo[5,l-/][l,2,4]- 
triazines, 59, 104 

Mutation, hydrazine as causative agent, 

55, 213 


N 

Naphthacene, 5,6,11,12-tetrachloro-, 
reaction with Na 2 Te 2 , 58, 69 
Naphthaceno[5,6-cd:ll,12-c'tf ']bis[ 1,2]- 
ditellurole*, crystal structure, 

58, 73 
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N aphthaceno[ 5,6-crf][ 1,2]diselenoles, 

58, 69 

Naphthaceno[5,6-rrf][l,2]ditelluroles, 

58, 69 

Naphthalenes, peri-halogen displacements 
by chalcogenides, 58, 67 

Naphthalene, l-dimethylamino-2.4- 

bistrifluoroacetyl-, cyclocondensations, 
60, 16 

Naphthalene-1 ( 2H )-one, 2-a)kylidene-3,4- 
dihydro-, cycloaddition to nitrile 
oxides, 60, 276 

Naphthalene-1 -thiocarboxaldehyde, 2- 
ethoxy-, 55, 3 

Naphth[2,l-af]isoxazole, 5-trifluoroacetyl-3- 
trifluoromethyl-, 60, 17 

Naphtho[l,8-cd:4,5-c'd']bis[l,2]ditelluroles 
and congeners, 58, 69 

Naphthol 1,8-cd:4,5-c'4']bis[ 1,2,6]selena- 
diazine, aromatic character, 56, 332 

Naphtho[ 1,8-cd:4,5-c'd' |bis[ 1,2,6]thia- 
diazine, aromatic character, 56, 332 

N aphtho[ 1,2-6:5,6-6 ' Jdiqui nolizinediium 
(salt), 55, 308 

Naphthol 1, 2-6:6,5-6']diquinolizinediium 
(salt), 55, 308 

Naphthol 1,2-6:8,7-6']diquinolizinediium 
(salt), 55, 308 

Naphtho[2,l-6:6,5-6']diquinolizinediium 
(salt), 55, 308 

Naphtho[2,l-6:7,8-6']diquinolizinediium 
(salt), 55, 308 

Naphthol 1,8-cd]-1,2-ditelluroles 
charge transfer complexes, 58, 71 
reactions, 58, 71 
synthesis, 58, 67 

Naphthol 1,2-c]furazans*. halogenation, 59, 
277 

Naphthol 1' ,2':4,5]furo[2,3-e][ 1,2,4]tria- 
zines*, 59, 64 

N aphtho[2,3-e]indole-6,11 -dione*, 
chlorination, 59, 257 

Naphtho[2,3-/]indole-5,10-dione, 
chlorination, 59, 257 

Naphtho[l,2-c]isoxazole, decahydro deriv, 
60, 307 

Naphtho[2,3-d]isoxazole deriv, 3,5-C r 
bridged, 60, 307 

Naphthol 1,2-c][l ,2,5]oxadiazoles*, 
halogenation, 59, 277 


Naphtho[2,1 -e]py razolo[5,1 -c][ 1,2,4]- 
triazines, 59, 74 

Naphthol 1,8-a6]pyrido[2,1 fi-de\- 
quinolizinium (ion), 55, 304 
Naphthol 1,2-/]pyrido[2, l-6][ 1,3]thia- 

zepinium ion, 14-methyl-, formation, S 
extrusion from, 55, 291 
Naphtho[2,1 -/]pyrido[2,1- 

6][l,3]thiazepinium ion, 14-methyl-, 
formation, S extrusion from, 55, 293 
1,5- and 1,8-Naphthoquinodimethanes. 

TRE calculations, 56, 313 
Naphtho[2,l,8-i)n]quinolizinium (ion), 55, 
265 

Naphtholl,2-a]quinolizinium (ion), 55, 265 
Naphthol 1,2-fl]quinolizinium salts, 
synthesis, 55, 293 

Naphtho[2,l-fl]quinolizinium (ion), 55, 264 
Naphtho[2, l-a]quinolizinium salts, 
synthesis, 55, 291 

Naphtho[2,3-a]quinolizinium (ion), 55, 264 
Naphtho[2,3-ajquinolizinium salts, 
synthesis, 55, 287 

Naphthol 1,2-6]quinolizinium (ion), 55, 264 
Naphthol 1,2-6}quinolizinium salts, 
synthesis, 55, 289 

Naphtho[2,l-6)quino)izinium (ion), 55, 264 
Naphtho[2,1 -6]quinolizinium salts, 
synthesis, 55, 291 

Naphtho[2,3-6]quinolizinium (ion), 55, 264 
Naphthol 1,2-r}quinolizinium (ion), 55, 265 
Naphthol 1,2-r]quinolizinium salt, 
synthesis, 55, 292 

Naphtho[2,1 -c]quinolizinium (ion), 55, 265 
Naphtho[2,l-c]quinolizinium salts, 
synthesis, 55, 293 

Naphtho[2,3-c)quinolizinium (ion), 55, 264 
Naphtho[2,3-c]quinolizinium salts, 
synthesis, 55, 290 

7//-Naphtho[l,8-a6]quinolizin-8-ium (ion), 
8-methyl-, Westphal condensation 
with 2,3-dihydroxy-l,4-dioxan, 55, 

304 

Naphthoquinone. 2,3-diazido-, 
rearrangement to cyano- 
isoquinolinequinone, 58, 206 
Naphthoquinones, cycloaddition to 2-aza- 
1,3-dienes, 57, 41 

N aphtho[f']tetrazolo[ 1,5-6111,2,4]triazines, 
formation, structure, 59, 150 
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Naphthon^-rlU^.Slthiadiazoles*. 

halogenation, 59, 279 
Naphtho[2,3-c][l,2.5]thiadiazole*. 

bromination, 59, 279 
Naphtho[l',2':4,5Ithiazolo[3,2-6][l ,2,4]- 
triazines, 59, 155 

Naphtho[l,2- and 2,]-/>]thiophenes, 
bromination, 59, 254 

Naphtho[I,2-r]thiophene, bromination, 59, 
255 

Naphtho[ 1,2-b)thiophene-2-carboxylate, 
5-trifluoroacetyl-3-trifluoromethyl-, 

60, 17 

Naphtho[2,l- and 2,3-£]thiophene- 

dicarboxylic esters, perfluoro-, 59, 14 
Naphtho[ 1,2-i]thiophene-2-carboxylic 
ester, bromination, 59, 254 
Naphtho[l,2-b]thiopyrylium salt, 2,4- 
diphenyl-, 60, 100 
Naphtho[2,1 •<?][ 1,2,4]triazolo[3,4-o]- 
[l,2,4]triazine, 59, 141 
l-(2-Naphthyl)ethyl vinyl ether, 

diastereoselection of cycloadditions, 
60, 282 

Naphthyridines, halogenation, 59, 331-3 
Naphthyridine N-oxides, bromination, 59, 
332 

1,6-Naphthyridine di-/V-oxide, 

Meisenheimer reaction, 59, 333 
l,8-Naphthyridine-3-carboxylic ester, 1- 
ethyl-6-fluoro-1,4-dihydro-7-(4- 
methoxypiperazino)-4-oxo-, 59, 5 
Neoechinulins, mould metabolites, 
synthesis, 57, 270 

Neoechinulin A, synthesis, 57, 204, 226 
Nickel!II) complexes, of pyrazoles, 
iodination, 58, 158 

Nicotinamide adenine diphosphate models, 
uracil-derived, 55, 199 
Nishimoto-Mataga equation, 55, 272 
Nitration 

methods of, 58, 217 
of 5-amino-3-phenyl-1,2,4-thiadiazole, 

58, 246 

of 2-aralkylthiazoles. 58, 242 
of benzimidazole and 2- 

phenylbenzimidazole, 58, 238 
of 1,2-benzisoselenazole. 59, 277 
of 1,2-benzisoxazole 2-oxides, 59, 

273 


of benzo[a and c]quinolizinium salts, 55, 
342 

of 1-benzylpyrrole, 58, 218 
of 4-chloro-2-phenylquinazoline, 58, 256 
of cinnoline, 59, 302 
of coordinated imidazoles, 58, 153-4 
of 2,3-dihydro-l,4-diazepinium salts, 

56, 29 

of 3,4-diphenylfuran-2-carboxylic ester, 
58, 224 

of 1,2-diphenylpyrazolinedione, 58, 233 
of 3,5-diphenyl-l,2,4-triazole, 58, 243 
of dithieno[3,4-c:3',2'-4]pyridine*. 59, 
329 

of dithieno[3,4 and 2,3-6:3',2'-d]- 
pyridine, 59, 329 

of N-ethylphenotellurazines, 58, 106 
of 5-fluoroindazole, 59, 270 
of furo-pyridines, 59, 311 
of fused five/five-membered 
heterocycles, 58, 246-8 
of fused six/five-membered 
heterocycles. 58, 257 
of fused six/six-membered heterocycles, 
58, 258 

of 3-hydroxy- and methoxy-1- 
phenylpyrazoles, 58, 230-2 
of imidazo[2, l-6]thiazoles, 58, 247 
of indole, 58, 221 

of 3-methyl-4-phenylcinnoline 1-oxide, 
58, 256 

of 2-methyl-5-phenyl-2-oxazoline, 58, 

241 

of 2-methyl-l-phenylpyrazolium ion, 58, 
226 

of 2,5-diphenylpyrroles, 58, 219 
of 2-methyl-5-phenylpyrrole, 58, 229 
of phenoxatellurin, 58, 106 
of phenyl heterocycles (review), 58, 215 
of phenyl thiopyrylium ions, 60, 134 
of 9-phenylacridine*, 58, 251 
of A-phenylazetidinones, 58, 259 
of phenylaziridines, 58, 259 
of 2-phenylbenzothiazoles, 58, 242 
of phenyl-furans and -benzofurans, 58, 
224 

of phenylimidazoles. 58, 236-8 
of 1- and 3-phenylimidazo[l,5-a]- 
pyridines, 58, 238 

of 1- and 2-phenylindazoles, 58, 235 
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of phenyl- and diphenyl-indoles, 58, 
221-2 

of 2-phenylindolizines, 58, 222-4 
of 3-phenylisothiazoles, 58, 242 
of phenylisoxazoles, 58, 239-41 
of phenyl oxadiazoles, 58, 243-6 
of 5-phenyl-l,3,4-oxathiazol-2-one, 58, 
244 

of 2- and 4-phenyloxazoles, 58, 239 
of phenylpyrazoles, 58, 226-35 
of 1-phenylpyrazolinones, 58, 230-3 
of phenyl-pyridines and -pyridones, 58, 
248-50 

of 1-phenylpyridinium ion, 58, 250 
of phenylpyrroles, 58, 218-21 
of 1-phenylpyrrolidine, 58, 218 
of phenylquinolines and N-oxides, 58, 
251 

of 2-phenylquinoxaIine, 58, 256 
of 3-phenyl-1,2,5-selenadiazole, 58, 

244 

of phenylsydnones, 58, 246 
of 3-phenyl-l ,2,5-thiadiazole, 58, 244 
of phenylthiazoles, 58, 241-2 
of 2-phenylthiophenes, 58, 225 
of 2-phenyl-l,2,3-triazole, 58, 245 
of phenyl-1,2,4-triazoles, 58, 246 
of protonated 2-phenylindole, 58, 222 
of pyrido[l,2-n]benzimidazole, 59, 315 
of tetramic acids, 57, 172 
of 2,4,4,6-tetraphenyl-4W-thiopyran, 59, 
216 

of thieno[3,2-e]-l ,4-diazepin-2(3tf)-ones, 
58, 260 

of (1,2,4]triazolo[ 1,5-n]pyrimidines, 57, 
114 

Nitrenes, uracil-6-yl-, formation, 
rearrangements, 55, 197, 200 
Nitrification inhibitors, [1,2,4]triazolo- 
[l,5-a]pyrimidines, 57, 127 
Nitriles, /3-hydroxy-, synthesis via 
isoxazolines, 60, 298, 301 
Nitriles, perfluoro-, cycloadditions to 1,3- 
dipoles, 60, 39 
Nitrile oxides 
addition to 2,3-dihydro-3- 

methylene-isoindol-l-one, 60, 270 
cycloadditions 

to 2,3-dihydro-1,4-diazepines, 

56, 38 


to olefins 

mechanism, 60, 269 
regioselectivity, 60, 273-7 
stereoselectivity, 60, 277, 310 
to olefins (review), 60, 261 
dimerization, 60, 266 
reaction with selenoaldehydes, 55, 15 
reactivity in cycloadditions, 60, 271 
synthesis from 
aldoximes, 60, 262-4 
nitromethyl compounds, 60, 264-6 
trapping of thioaldehydes by, 55, 7 
see also Acetonitrile oxide, Formonitrile 
oxide 

Nitrile oxides, chiral, diastereoselectivity 
of cycloadditions, 60, 284-6 
Nitrile oxides, polyfluoro-, cycloaddition 
to sulfonylimine, 60, 38 
Nitrile oxides, a/3-unsaturated, 60, 264 
Nitrile ylids, from azirines, cycloaddition 
to trifluoromethyl carbonyl 
compounds, 60, 38 
Nitrile ylids, bistrifluoromethyl-, 
generation, cycloadditions, 60, 29 
Nitrilimines 

cycloadditions to 2,3-dihydro-1,4- 
diazepines, 56, 38 

generation from carbohydrazides using 
Ph 3 PCCI 2 , 55, 210 
intermediates in a-halohydrazonyl- 
tetrazole to azido-1,2,4-triazole 
rearrangement, 56, 98 
reaction with pyrroles, indoles, 56, 125 
Nitrilimine, C-acetyl-A/-phenyl-, adduct 
with N-methylindazole, 
rearrangement, 56, 134 
Nitroalkanes, conversion into nitrile 
oxides, 60, 264 
Nitroalkenes 

cycloaddition to t-butyl isocyanide, 60, 
266 

nitrile oxides by addition and dehyd¬ 
ration, 60, 266 
Nitrogen, as pivotal atom in 
rearrangements, 56, 52-98 
Nitrogen heterocycles containing carbonyl 
groups, unsaturated, chemistry of 
(review), 58, 171 

Nitrogen radicals, in pyrrolidine synthesis 
(review), 58, 1 
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Nitrolic acids, reaction with base, nitrile 
oxides from, 60, 269 
Nitrones, trapping of thioaldehydes by, 

55, 7 

Nitrone, N-methyl-C-trifluoromethyl-, 
cycloaddition to dimethyl maleate, 

60, 34 

Nitrones, C-trifluoromethyl-, cyclo¬ 
additions, 60, 34 

N-Nitrosamines, radicals from by 
photolysis, 58, 10, 22 
Nitrosation 

of 2,6-diphenyl-1,4-ditellurafulvene, 

58, 77 

of 2,4- and 2,5-diphenylpyrroles*. 58, 

221 

of imidazo[2,l- and 5,l-h]thiazoles, 58, 
247 

of 2-methyl-5-phenylpyrrole, 58, 219, 

220 

of yV-phenyl-morpholine and -thio- 
morpholine, 58, 257 
of 2-phenylimidazo[ 1,2-n]pyridine, 58, 
257 

of 3-phenylindazole, 58, 236 
of l-phenyl-2-pyrazoline, 58, 233 
of tetramic acids, 57, 173 
of [l,2,4]triazolo[l,5-a]pyrimidines, 57, 
114 

Nitroso compounds, chiral, asymmetric 
amination of carboxylic acids using, 
57, 41 

Nitrosoalkanes, perfluoro-, cycloadditions to 
perfluoro-alkenes and -alkynes, 59, 12 
Nitroso-aminouracils, formation and uses, 
55, 167-170 
Nitrosobenzene 

reaction with 6-amino-l,3-dimethyl- 
uracil, 55, 153 

reaction with 6-anilinouracils, 55, 202 
2-Nitrosopropene, 3.3,3-trifluoro-*, 
generation, cycloadditions, 59, 17 
Nmr aromaticity criteria, 56, 327 
Nmr spectra 

of acyltetramic acid tautomers, 57, 157 
of 1,2-benzisotellurazoles, 58, 54 
carbon 

of 4-aryIthiopyrylium ions, 60, 68, 87 
of 2,3-dihydro-1,4-diazepinium ions, 
56, 20 


of 1,2-dihydro-1,1 -dimethylsilabenzene, 
Li (12-crown-4) complexed salt, 56, 
405 

of 1,3-ditelluroles, 58, 77 
of heterocyclic betaines and precursors, 
60, 224-8 

of oxanthrene, thianthrene, 58, 111 
of phenoxathiin, phenoxaselenin, 
phenoxatellurin, 58, 111 
of 3-phenyl-l,2,4-triazine 4-oxides, 
Swain-Lupton correlation, 59, 65 
of thiopyrans, 59, 230-3 
of thiopyrylium ions and congeners, 60, 
86-8 

of uracil, 55, 131 
nitrogen-15 

correlations in imidazo[l,2- 
6][l,2,4]triazines, 59, 86 
of uracil, 55, 132 
proton 

of 2,3-dihydro-l,4-diazepines and 
cations, 56, 19, 39 
methyl groups in thiopyrylium ions 
and congeners, 60, 84 
of quinolizinium ion, 55, 332 
of thiopyrans, 59, 230-3 
of thiopyrylium ions and congeners, 
60, 81-6 
of uracil, 55, 131 
selenium-77 

shift in selenophene, 60, 88 
shifts and couplings in selenopyrylium 
salts, 60, 88 
tellurium-125 

carbon and proton, of telluropyrans, 

59, 230-3 

shift in 2,6-di-t-butyl-4//-telluropyran, 

60, 88 

shifts in telluropyrylium salts, 

60, 88 

of [l,2,4]triazolo[l,5-a]pyrimidines, 57, 
102 

Nmr spectroscopy 
dynamic (v.t.) 

of 3-acetamido-5-methyl-l ,2,4-oxadi- 
azole, degenerate rearrange¬ 
ment, 56, 94 

of 2,3-cyclopropa-2,3-dihydro-1,4- 
diazepinium ions, rapid Cope 
rearrangement, 56, 19 
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of 2,3-dihydro-1,4-diazepines and 
cations, conformational 
isomerisation, 56, 19 
rearrangement of 5-(/3-aminovinyl)- 
isothiazoles, 56, 101, 103 
of l,2,4-thiadiazol-5-yl-amidines, 56, 
105 

of W(CO) 5 complexes of 3-/3- 

thioxoalkylidene-1,2-dithioles, 56, 
121 

Nomenclature, of selenium and tellurium- 
containing six-membered rings, 60, 66 
Nonlinear optical media, thiopyrylium 
salts, 60, 172 

iV-Nornitidine (alkaloid), synthesis, 57, 48 
Norrish type II cleavage, of a-(t- 

butylmethylthio)aceta!dehyde, 55, 6 
Norvaline, 5-hydroxy-4-oxo-, 60, 21 
Nuclear magnetic resonance, see Nmr 
Nucleoside analogues, 3- 

aminoisothiazolo[3,4-</]pyrimidine-4,6- 
diones, 55, 165 

Nucleosides, pyrimido-pyridazine, 55, 182 
Nucleosides with unusual bases, 55, 153 
Nucleosides, uracil, reaction with nitrile 
oxides, 60, 298-9 


o 

Olefins, cycloadditions to nitrile oxides 
(review), 60, 261 

Oppolzer’s sultam, chiral auxiliary in 
nitrile oxide cycloadditions, 60, 
289-92, 295-6 

Optical recording materials, thiopyrylium, 
selenopyrylium, telluropyrylium salts, 
60, 171 

Organic conductors, thiopyrylium salts, 

60, 171 

Orotic acids 
structure, 55, 133 
synthesis, 55, 135 

Osmium complexes 
with selenoformaldehyde, 55, 19 
with thioaldehydes, 55, 13 

Osmium(ll) complexes 
of 2,2'-bipyridine, reactivity, 58, 163 
pyrazine pentammine, acidity, 58, 136 
pyridine pentammine, reactivity, 58, 160 


Overcrowding, steric, see Steric effects 

3-Oxa-4-azatricyclo[5.2.1.0 2f> ]decane-8,9- 
dicarboxylates, 10-diphenylmethy lene-, 
photorearrangement, 60, 302 

7-Oxabicyclo[2.2.1 ]hexa-2,5-diene, 
tetrakistrifluoromethyl-, 60, 45 

5-Oxabicyclo[2.1,0]pent-2-ene, 1.2,3,4- 
tetrakistrifluoromethyl-, 59, 26 

1,3,4-Oxadiazines, 5-aryl-3,6-dihydro-3- 
methyl-6-trifluoromethyl-, 59, 17 

1.2.3- OxadiazoIes, see Sydnones 

1.2.4- Oxadiazoles 

base-induced ring cleavage, 56, 225 
formation from 1-hydroximoyltetrazoles. 
56, 141 

photo-reactions, 56, 81 
rearrangements of forming furazans, 

56, 54 

1.2.4- Oxadiazole, 3-acetamido-5-aryl-, 
photorearrangement, 56, 84 

1.2.4- Oxadiazoles, 3-acylamino-, 
rearrangements, 56, 54, 81, 94 

1,2,4-Oxadiazoles, 3-acyl-, hydrazones, 
rearrangements, 56, 62-66, 85-92 

1,2,4-Oxadiazoles, 3-acyl-, oximes, 
rearrangements, 56, 54, 69 

1,2,4-Oxadiazoles, 3-o-aminoaryl-, 
rearrangements, 56, 76, 77, 94 

1.2.4- Oxadiazoles, 3-anilino-5-phenyl-, 
photorearrangement, 56, 82 

1.2.4- Oxadiazole, 3-azido-5-phenyl-, 
thermolysis, 56, 80 

1.2.4- Oxadiazoles, 3-benzoyl, formation 
from 4-phenyI-5-nitrosoimidazoies, 58, 
237 

1.2.4- Oxadiazoles, 3-benzyl-, -styryl-, 

56,74 

1.2.4- Oxadiazole, 4-benzenesulfonyl-4,5- 
dihydro-3,5,5-tri(fluoroalkyl)-, 60, 38 

1.2.4- Oxadiazoles, 3-(2-hydroxyphenyl)-, 
from rearrangement of acylamino-1,2- 
benzisoxazoles, 56, 69 

1,2,4-Oxadiazoles, 3-(3-hydroxypyrazin-2- 
yl)-, from rearrangement, 56, 69 

1.2.4- Oxadiazoles, 3-(/3-oxoalkyl)-, 
rearrangements forming 3- 
acylaminoisoxazoles, 56, 68 

1.2.4- Oxadiazole, 3-phenoxy-5-phenyl-, 
photorearrangement, 56, 82 

1.2.4- Oxadiazoles, 3- and 5-phenyl-, 
nitration, 57, 371 
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1.2.4- Oxadiazoles, 3-phenyl-, nitration, 58, 
244 

1.2.4- Oxadiazole. 5-phenyl-3-styryl-, 
photorearrangement, 56, 83 

1.2.4- Oxadiazol-3-yl thioureas, 
rearrangement, 56, 72 

1.2.4- Oxadiazo)-3-yl ureas, rearrangement, 
56, 73, 92 

1.2.4- Oxadiazole-3-acetamides, 
rearrangement to pyrazolinones, 

56, 75 

1.2.5- Oxadiazoles 

base-induced ring cleavage, 56, 225 
formation in rearrangements, 56, 53-61 

1.2.5- Oxadiazole oxides, rearrangements 
forming a-nitroalkyl furazans, 56, 61 

1,2,5-Oxadiazole oxides, phenyl-, 
nitration, 58, 244-5 

1,2,5-Oxadiazole 2-oxide, 
bistrifluoromethyl-, 60, 30 

1.2.5- Oxadiazole 2-oxides, 4-acetyl-, 
oximes, configuration and stability, 

56, 61 

1.2.5- Oxadiazoles, amino-, fluorination, 57, 
371 

1.2.5- Oxadiazole. 4-amino-3-azido-, 
nitrosation and fragmentation, 56, 81 

1.2.5- Oxadiazoles, aryl-, bromination, 57, 
371 

1,2,5-Oxadiazoles, /3-ketoalkyl-, supposed 
involvement in rearrangement. 56, 

57, 72 

1.2.5- Oxadiazoles, methyl-, side-chain 
halogenation, 57, 371 

1.2.5- Oxadiazoles. a-nitroalkyl-, formation 
in rearrangements, 56, 61 

1.2.5- Oxadiazole 2-oxides, cleavage to 
nitrile oxides, 60, 267 

1.2.5- Oxadiazoles, phenyl-, nitration, 58, 
244-5 

1.2.5- Oxadiazol-3-yl thioureas, 
rearrangement, 56, 73 

1.2.5- Oxadiazole-3-carboxamidoxime, 
4-amino-, isoheterocyclic 
rearrangement, 56, 60 

1.2.5- Oxadiazoledicarboxamide 2-oxide, 
thermolysis, 56, 58 

1,3,4-Oxadiazoles 
formation in photorearrangements, 

56, 82 

ipso attack in rearrangements of, 56, 138 


1.3.4- Oxadiazole, 2,5-diphenyl-, 
photoreactions with uracils, 55, 150 

1.3.4- Oxadiazoles, alkyl-, halogenation, 57, 
371 

1.3.4- Oxadiazoles, aryl-, halogenation, 57, 
371 

1.3.4- Oxadiazole, bistrifluoromethyl-, 
reaction with hydrazine, 60, 26 

1.3.4- Oxadiazoles, 2,5-diaryl-, 
photoreaction with 1,3-dimethyluracil, 

55, 195 

1.3.4- Oxadiazoles, 2,5-dihydro-2- 
(polyfluoroalkyl)-, 60, 38 

1.3.4- Oxadiazole, 2,5-diphenyl-, nitration, 
58, 243 

1.3.4- Oxadiazol-2-ones, rearrangements 
involving C-2 attack. 56, 138 

1.3.4- Oxadiazole-2-acetic acid, 5-phenyl-, 
halogenation, 57, 371 

[ 1,2,5]Oxadiazolo[3,4-i/]pyrimidine-5,7- 
diones and M3)-oxides, 55, 168 

[ 1,2,5]Oxadiazolo[3,4-4]py rimidine-5,7- 
dione 1-oxide, 4,6-dimethyl-, 55, 182 

[l,2,4]Oxadiazolo[2,3-a]pyrimidinium salts, 
formation, hydrolysis, 56, 79 

1.3.4- Oxadiazolo[3,2-a]pyrimidin-7-ones, 
conversion into triazolo- 
pyrimidinones, 57, 101 

Oxaloacetic esters, condensation with 
ureas, 55, 135 

Oxanthrenes, bromination, 59, 306 

Oxanthrene, dipole moment, 58, 109 

Oxanthrenes, 1-halo-, from lithio 
compound, 59, 307 

1.4.2- Oxaselenazoles, synth, 55, 15 

1.4- Oxatelluranes, synthesis, 58, 85 

1,4-Oxatelluranes, 4,4-dihalo-, 58, 85-9, 

109 

1.2- Oxatelluroles-2-7V lv , 2-halogeno-, 
formation, structure, 58, 60 

1.2- Oxatelluroles-27e lv , 2-halo-, halogen 
exchange in, 57, 374, 58, 62 

1.2- Oxatelluroles-2-7> vl , 2,2,2-tribromo-, 
formation, structure, 58, 63 

l-Oxa-6a-thia-3,4,6-triazapentalenes-6a-5 lv , 

56, 113 

1.2.3- Oxathiazine 2,2-dioxides, 4-chloro-, 
58, 327 

1.2.3- Oxathiazol-4(5W)-imine-25 lv 2-oxide, 
N-aryl-2,5,5-trimethyl-, reaction with 
heterocumulenes, 56, 130 
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1.2.4- Oxathiazol-3-imines, intermediates, 
56, 113 

1.2.4- Oxathiazol-3-imine, 4,5-dihydro- 

4,5,5-trimethyl-, 56, 116 

1.2.5- Oxathiazoles, 3- 
(aminocarbonylmethylene)-4-aryl-, 

56, 99 

1,2,5-Oxathiazoles, 3- 

(diphenylcarbamidinomethylene)-4- 
aryl-, 56, 100 

1.3.4- Oxathiazol-2-one, 5-phenyl-, 
nitration, 58, 244 

1.4.2- Oxathiazoles, and 3,4-dihydro-, 
formation, 55, 7 

[1,4,2]Oxathiazolo[2,3-a]pyridinium salt, 
formation, use, 58, 13 

1.4- Oxathiepins, fluoro-, 59, 10 

5//-1,4-Oxathiepin-2(3//)-one, synthesis, 

55, 14 

1.2- Oxathietane, formation, fragmentation, 
55,9 

1.2- Oxathiin 2,2-dioxide, 4,6-dimethyl-, 
bromination, 58, 325 

1.4- Oxathiin, 2,3-dihydro-, thermolysis, 

55, 11 

1.3- Oxathiolan, 2-amino-2-trifluoromethyl-, 
60, 24 

1.3- Oxathiolan-5-ones, 2,2- 
bistrifluoromethyl-, 60, 20 

1.3- Oxathioles, 5-dialkylamino-2-(/3- 
thioxoalkylidene)-, 56, 122 

1.3- OxathioI-2-imine, 5-cyano- N, 4-diaryl-, 
reaction with DMAD, 56, 108 

1.4.2- Oxazaphospholes, 2,2,2,3-tetrahydro- 

2,2,2-trimethoxy-3,3- 
bistrifluoromethyl-, nitrilium ylids 
from, 60, 29 

1.2- Oxazetidines, perfluoro- 
cleavage in superacid media, 59, 12 
synthesis, 59, 12 

2H-1 ,2-Oxazine, 3,3,4,5,6,6-hexafluoro-3,6- 
dihydro-2-trifluoromethyl-, 59, 12 

4 H- 1,2-Oxazines, 3-trifluoromethyl-5,6- 
dihydro-, 59, 17 

1.3- Oxazines, synthesis from 2-azabuta- 

1,3-dienes, 57, 51, 54, 57 

1,3-Oxazines, 2-aryl-5,6-dihydro-4,4,6- 
trimethyl-, directed Iithiation in, 56, 
266 

2//-l,3-Oxazine-2-carboxylic esters, 57, 22 


4//-l,3-Oxazines, 4,4-bistrifluoromethyl-, 
60, 43 

1,4-Oxazines, see Morpholine 
Oxaziridines, reaction with thiiranes, 

55, 22 

Oxaziridine, 2-t-butyl-3-phenyl-, oxidation 
of lithium amides by, 58, 6 
Oxazoles 

cycloadditions with acetylenic 
dienophiles, 60, 44 
derived carbanions, 56, 216-20 
Oxazole N-oxides, reaction with aryl 
isocyanates, 56, 131 
Oxazoles, 2-substituted, ipso attack in 
rearrangements of, 56, 133 
Oxazole, 4-acetyl-2,5-dimethyl-, reaction 
with malononitrile, 56, 130 
Oxazoles, 2-acylamino-, from 
rearrangement of 3- 
acylaminoisoxazoles, 56, 68 
Oxazoles, 5-alkoxy-, Iithiation and ring¬ 
opening, 56, 217 

Oxazoles, 5-amino-4-trifluoromethyl-, 
LiAlH 4 reduction, 60, 4 
Oxazoles, 2-aryl-5-bromo-, 57, 363 
Oxazoles, 2-aryl-5-bromo-, formation, 
Br/Li exchange, 56, 220 
Oxazoles, 2-aryl-4,5-dihydro-, bromination 
and aromatization, 57, 364 
Oxazoles, 2-aryl-4,5-dihydro-4,4-dimethyl-, 
directed Iithiation in, 56, 266 
Oxazoles, 2-aryl-4,5-dimethyl-, directed 
Iithiation in, 56, 266 
Oxazoles, 5-benzylidene-4,4- 
bistrifluoromethyl-, 60, 43 
Oxazole, 4-bromo-2,5-diphenyl-, Br/Li 
exchange, 56, 220 
Oxazoles, 4,5-dihydro- 
2-lithiation and ring-opening, 56, 265 
synthesis from a-metalated isocyanides, 
56, 266 

Oxazole, 4,5-dihydro-4,4-dimethyl-2- 
phenylthio-, Iithiation and oxazoline 
migration, 56, 268 

Oxazole, 4,5-dihydro-4,4-dimethyl-2-(2- 
thienyl)-, Iithiation, 57, 323 
Oxazole, 4,5-dihydro-4-methoxymethyl- 

2,5-diphenyl-, Iithiation, 56, 268 
Oxazole, 4,5-dihydro-2-methyl-5-phenyl-, 
nitration, 58, 241 
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Oxazole, 4,5-dihydro-2-phenyl-4-vinyl-, 
diastereoselectivity of cycloadditions, 
60, 284 

Oxazoles, 2,5-dihydro-5-trifluoromethyl-, 
60, 38 

Oxazoles, 5-fluoro-4-trifluoromethyl-, 
formation, uses, 60, 42 
Oxazoles, 2-lithio-, equilibrium with 
/3-isocyanoenolates, 56, 216 
Oxazoles, 5-lithio-, formation, 56, 219 
Oxazoles, 4-iithio-, formation, ring¬ 
opening, 56, 220 

Oxazoles, methyl phenyl isomers, 
bromination, 57, 364 
Oxazole, 2-methyl-4,5-diphenyl-, 
chlorination, 57, 363 

Oxazole, 2-methyl-4-phenyl-, lithiation, 56, 
219 

Oxazoles, 2- and 4-phenyl-, nitration, 58, 
239 

Oxazoles, 2-phenyl-4-substituted, 56, 129 
Oxazoles, 4-trifluoromethyl-, by 1,5-dipole 
electrocyclization, 60, 46 
Oxazoles, 2-trimethylsily!-, reactivity, 56, 
218 

Oxazoles, 2-trimethylstannyl-, reactivity, 
56, 218 

Oxazole-2-acetic ester, 4-cyano-5-methyl-, 
formation by rearrangement, 56, 71 
Oxazole-4-carbohydrazide, 2,N'-diphenyl-. 

56, 129 

Oxazole-4-carbonitrile oxide, 4,5-dihydro- 
2-phenyl-, cycloaddition to styrene, 

60, 285 

Oxazole-2-carboxylate, 5-ethoxy-4- 
trifluoromethyl-, 60, 30 
Oxazole-4-carboxylic acid, and 2-methyl 
deriv, lithiation, 56, 219 
Oxazole-4-carboxylic ester, 2-methylthio-, 
synthesis from 2-azabuta-1,3-dienes, 

57, 29 

Oxazole-4-(3-oxopropanoic acid), 5- 
ethoxy-2-phenyl-, hydrazones, 
rearrangement to pyrazole-3-acetates, 
56, 130 

Oxazolidines, N-acryloyl-, cycloadditions 
to nitrile oxides, 60, 292 
Oxazolidine, 3-boc-2.2-dimethyl-4-vinyl-, 
diastereoselectivity of cycloadditions, 
60, 284 


1.3- Oxazolidine-2,5-diones, 
diketopiperazines from, 57, 195 

1.3- Oxazolidin-5-ones, 2,2- 
bistrifluoromethyl-, 60, 20 

1.3- Oxazolidine-4-acetic acid, 5-oxo-2,2- 
bistrifluoromethyl-, uses in synthesis, 
60, 20-1 

Oxazol-4(5//)-imine, 2-ethoxy-5,5- 
dimethyl-lV-p-tolyl-, reactions with 
heterocumulenes, 56, 130 
Oxazolines, see Oxazoles, dihydro- 
Oxazolin-5-one, 2-phenyl-, condensation 
with 2,6-diphenylthio/seIeno-pyrylium 
ion, 60, 164 

Oxazolium salts, 3-allyl-4,5-dihydro-5- 
(tetrahalotelluridomethyl)-, 58, 86 
Oxazolium IV-ylids, trapping with 
acetylenic esters, 56, 131 
Oxazol-3-ium-4-ylide, 5,5-difluoro-3- 
methyl-2,4-bistrifluoromethyl-, 
generation, trapping, 60, 31 
Oxazolones, mesoionic, cycloadditions of 
azadienes with, 57, 18 
Oxazol-5-one, 4-acetyl-2-phenyl-*, 
chlorination, 57, 363 
Oxazol-5(2//)-ones, 2-acyl-2- 

trifluoromethyl-, 1,5-dipoles by C0 2 
loss, 60, 46 

Oxazol-5(2//)-ones, 2-alkyloxycarbonyl-2- 
trifluoromethyl-, 1,5-dipoles by C0 2 
loss, 60, 46 

Oxazol-5-ones, 4-(o-amino-, -hydroxy- 
benzylidene)-, rearrangement, 56, 131 
Oxazol-5(2//)-one, 2,2-bistrifluoromethyl- 
and 4-methyl analogue, 60, 21 
Oxazol-2(3//)-ones, 4,5-diaryl-, reaction 
with POClj and PCI 5 , 57, 363 
Oxazol-5(4A/)-one, 4-ethoxymethylene-2- 
phenyl-, cycloaddition of nitrile 
oxides, 60, 276 

Oxazol-5-ones, 4-methyl-, ring opening and 
cycloaddition to 1,3-diazabuta-1,3- 
dienes, 57, 67 

Oxazol-5-ones, 2-phenyl-, reaction with 
benzoylacetylene in Ac 2 0, 56, 133 
Oxazol-5-one, 2-phenyl-4- 

ethoxymethylene-, conversion into 3- 
benzoylamino-2-pyrones, 56, 133 
Oxazolo[2,3-/]purine-2,4-diones, 
bromination, 59, 329 
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Oxazolo-pyridines and -pyridinones, 
halogenation, 59, 318 
Oxazolo[3,4-a]pyridin-3-ones, 1,7,8,8a- 
tetrahydro-, 57, 19 

Oxazolo[4,5-tf]pyrimidine-5,7-diones, 2- 
aryl-4,6-dimethyl-, 55, 182 
Oxazolo[5,4-rf]pyrimidine-5,7-diones, 2- 
aryl-4,6-dimethyl-, 55, 182 
Oxazolo[5,4-rf]pyrimidine-5,7-diones, 55, 
174 

Oxazolo[5,4-tf]pyrimidin-4-one, 
chlorination, 59, 324 

Oxazolo[4,5- and 5,4-e)[l,2,4]triazines, 59, 
115 

8a/f-Oxazolo[3,2-<fl[ 1,2,4]triazin-3-ylidene 
acetic esters, 2,3,5,6-tetrahydro-2-oxo- 
8,8a-diphenyl-, 59, 115 
Oxepin, resonance energy, 56, 364, 378 
Oxepin-4-carboxylate, reaction with 1- 
methylpiperazine-2,5-dione, 57, 204 
Oxetano-fused uracils, formation, 55, 144, 
147 

Oxetan-2-ones, 4-spiro-, synth by 

photocycloaddition; decarboxylation, 
55, 149 
Oxidation 

atmospheric, of methylene group to oxo, 
60, 211 

manganese dioxide, of thiopyrylium 
salts, 60, 139-40 

Oxidation potentials, of fused 1,2- 
dichalcogenoles, 58, 71 
Oxime geometry, importance in 
rearrangements, 56, 53-61 
Oximes, /3-stannyl-, fragmentation and 
recyclization, 60, 264 
Oximes, a/3-unsaturated, 4-77 components 
in cycloadditions, 57, 15, 22 
Oxindoles, see Indolin-2-ones 
Oxirene, formation, 56, 372 
Oxirine, resonance energy, 56, 364 
/3-Oxoenamines 

condensation with 1,2-diamines, 56, 8 

formation by hydrolysis of 
dihydrodiazepines, 56, 13 
Oxonium salts, alkylation of 
piperazinediones by, 57, 254 
Oxygenation, of telluropyrylium cyanines, 
60, 141-2 

Ozonolysis, of uracil and thymine derivs, 
55, 228 


P 

Palladium complex, 2-benzylpyridine, Pd/ 
CPh replacement, 55, 282 
Parabanic acid (imidazole-2,4,5-trione), Co 
complex, formation, 58, 156 
Paraquat, reduction potentials, 55, 338 
Pariser-Parr-Pople (PPP) method, 

application to azonia cations, 55, 272 
Penicillin, tetramic acid derivatives, 57, 

151 

3,5,10,11,12-Pentaazabicyclo[8.2.1 Jtrideca- 
1(13),1 l-diene-2,4-dione, 55, 210 
1,3,4,7,9b-Pentaazaphenalene-9- 

carboxylate, 2-methyl-, bromination, 
59, 339 

Pentacyclic benzenoid azonia systems, 55, 
266 

Pentafluorophenyl azide, cycloaddition to 
phenylacetylene, 60, 31 
Pentalene, and aza-analogs, aromaticity or 
otherwise, 56, 348 

Pentalene dianion, and azonia analogues, 
electronic spectra, 55, 330 
Pentane-2,4-dione, reaction with 
ethylenediamine, 56, 2 
Pentane-2,4-dione, 1,1,1,5,5,5-hexafluoro-*, 
reaction with ethylenediamine, 56, 3 
Pentaphosphole anion 
complex with FeC 5 Me 5 , 56, 390 
Na salt, 56, 391 

Pentazole, calculations, 56, 387 
Pentazole anion, calculations, 56, 390 
Pentazole, 1-azido-, calculations, 56, 391 
Pent-3-en-2-one, 4-(phenylthio)-, reaction 
with ethylenediamine, 56, 9 
Pent-4-enylaminyl radicals, cyclization, 

58, 4 

Pent-4-enylbutylamine, PTOC deriv 
comparative kinetic studies of radical 
reactions, 58, 25 

solvent and acidity effects on photolysis, 
58, 23 

Peptides, trifluoromethylation of imidazole 
rings in, 60, 11 

Peptide bond, conformation and rotational 
barrier, 57, 189 

Perchloroethyl isocyanate, pyrimido[4,5-</]- 
pyrimidine synthesis using, 55, 165 
Perchloro-imines, cyclization reactions 
using, 55, 165 
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Perchloryl fluoride fluorination 
of coumarins, 59, 4 
of lithioimidazoles. 57, 355 
of lithiopyrroles, 57, 333 
of lithioselenophene. 57, 335 
Perfluoroalkyl chlorosulfonates, reaction 
with dinucleophiles, 60, 24 
Perimidine. chlorination, 59, 303 
Perimidine, 1-methyl-, lithiation, anion 
addition, 56, 250 

Perturbation theory, application to azonia 
cations, 55, 273 

Pesticides, [1,2,4]triazolo(l ,5-a]pyrimi- 
dines, 57, 127 

Pharmacologically active compounds. 
pyrazolo[ 1,2-a][ 1,2,4]benzotriazin- 
l(2tf),3-diones, 59, 67 
Phenacyl sulfides, photolysis, 55, 5 
Phenanthrenes, photochemical formation, 
55, 226 

Phenanthrene-9,10-quinone, in Westphal 
condensation, 55, 306 
Phenanthridin-6-amine, /V-( 1,2,5-oxadiazol- 
3-yl)-, rearrangement, 56, 74 
Phenanthridine 
bromination, 59, 296 
reaction with a/3-unsaturated ketone, 55, 
294 

Phenanthridones, from vinyl isocyanates 
and benzyne, 57, 47 
1,10-Phenanthroline, chlorination, 59, 

287 

Phenanthroline N-oxides, Meisenheimer 
reactions, 59, 288 

Phenanthro[9,10-6]quinolizinium (ion), 55, 
300 

Phenazine, chlorination, 59, 306 
Phenazine-1,4-dione, 5,10-dihydro-, 
aromatic character, 56, 333 
Phenol, 2-isocyano-, Li salt, equilibrium 
with 2-lithiobenzoxazole. 56, 220 
Phenotellurazines 
complexation, 58, 104 
synthesis, 58, 90, 92, 94 
Te replacement by S, 58, 105 
Phenotellurazine, Nmr spectra, 58, 111 
Phenotellurazine cation radicals, 58, 

100 

Phenotellurazines, /V-ethyl- 
halogenation, 58, 107 
nitration, 58, 106 


Phenothiatellurins 
synthesis. 58, 90, 91 
Te replacement by S, 58, 105 
Phenothiazines, lithiation, 56, 255-8 
Phenothiazines, and dioxides, 
halogenation. 59, 307-8 
Phenothiazines, 1-chloro-, bromo-. from 
lithio compd, 59, 308 

Phenothiazines, 2,3- and 3,4-didehydro-I0- 
methyl-. generation, 56, 275 
Phenoxaselenin 
dipole moment, 58, 109 
formation, 58, 105 
Phenoxatellurins 

functional group reactivity, 58, 107 
synthesis, 58, 90-6 
Te extrusion from, 58, 105 
Te replacement by S/Se, 58, 105 
Phenoxatellurin 
dehalogenation by, 58, 98 
nitration, 58, 106 
radical cation from, 58, 99 
Phenoxatellurins, 10,10-disubstituted, 
structures, 58, 108 
Phenoxatellurin 10,10-dinitrate 
crystal structure, 58, 108 
reaction with acetone, 58, 101 
Phenoxatellurin oxides, formation, 58, 100 
Phenoxatellurin ylids, 58, 100, 102 
Phenoxatellurinium salts, 10-methyl-, 58, 
101 

Phenoxathiin, dipole moment, 58, 109 
Phenoxazines, lithiation, 56, 257-8 
Phenyl substituted heterocycles, nitration 
(review), 58, 215 
2-Pheny lacetaldehyde, 

dimethylimidazolidine derivative, 
lithiation, 56, 262 

Phenylacetone, N-methyloxazolidine 
derivative, lithiation, 56, 262 
Phenylalanine, dehydro-, cycloaddition of 
benzonitrile oxides, 60, 277 
o-Phenylenediamine, see Benzene-1,2- 
diamine 

Phenylthioacetonitrile oxide, generation, 
60, 265 

Phosgeneiminium chloride, (V,yV-dimethyl-, 
reaction with 6-amino-1,3- 
dimethyluracil, 55, 208 
Phosphabarrelene, hexakistrifluoromethyl-, 
reaction with diazomethane, 60, 35 
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Phosphabenzene, see Phosphorin 
Phosphine oxides, a-(subst. allyl)- 
diphenyl-, diastereoselectivity of 
cycloadditions, 60, 282 
Phosphine oxide, methyl-phenyl-vinyl-, 
diastereoselectivity of cycloadditions, 
60, 282 

Phosphine, triphenyl-, debromination of 6- 
bromo-dihydro-l,4-diazepines by, 

56, 37 

Phosphinimines 

carbodiimides as intermediates from, 

57, 36 

in synth of 1,3-diazabuta-l,3-diene 
intermediates, 57, 63 
Phosphinimines (iminophosphoranes), 6- 
subst. uracil, use in synthesis, 55, 159, 
231 

Phosphinite esters, reaction with 1,3- 
diazabuta-1,3-dienes, 57, 61 
Phosphirenes, 1-chloro-, formation, 56, 374 
Phosphole, aromaticity estimates/indices, 
56, 342 

Phospholes, pyramidalization of P, 56, 

368, 369 

Phosphonium ylids, acyl-, reaction with 3- 
diazopyrazoles, 59, 70, 84 
Phosphonoformonitrile oxide, formation, 
60, 265 

Phosphorane, dichloromethylene 
triphenyl-, nitrilimine generation 
using, 55, 210 

Phosphoranes, triphenyl-, reactions with 6- 
chloro-5-formyluracils, 55, 192 
Phosphorin*, aromaticity estimates/ 
indices, 56, 320, 328, 342, 358 
Phosphorus nucleophiles, reaction with 
thiopyrylium ions and congeners, 60, 
156-8 

Photoaddition, cyclohexene to 
acetyltetramic acid, 57, 165 
Photochemical addition, of alkenes to 
uracils, 55, 143 

Photochemical electrocyclic ring-opening, 
of 2-benzyl-2,4,6-triphenyl-2W- 
thiopyran, 59, 213 

Photochemical formation, of benzoyluracil 
benzoylhydrazone, 55, 195 
Photochemical halogenations, 57, 302 
Photochemical hydration, of uracils, 55, 

142 


Photochemical rearrangements 
of 3-(a-cyano-/3-(4-pyridyl)vinyl)indole, 
56, 126 

of five-membered heterocycles, 56, 81 
Photochemical ring contraction, of 5- 
ethoxy-3,4-dihydro-2//-pyrrol-2-one, 
58, 179 

Photochemical substitution, at N-l in 
thymine, 55, 218 

Photochemical syntheses, from 6- 
azidouracils, 55, 186 
for other Photochemical phenomena or 
operations, see under the prefix 
Photo-. 

Photochemistry 
of thiopyrans, 59, 226 
of 3-/3-thioxoalkylidene-l,2-dithioles, 56, 
121 

Photochromism, in 2,4,4,6- 
tetraary I thiopyrans, 59, 226 
Photocyclization 

of 6-anilino- and 6-phenylthio-uracils, 

55, 199 

of 6-anilino-3-methyl-5-nitrosouracil, 55, 
202 

of 1,2-diaryl-pyridinium and -quinolinium 
salts, 55, 295, 301, 303, 304 
of l,3-dimethyl-5-nitro-6-styryluracil, 55, 
207 

forming azonia-helicenes, 55, 306, 307 
forming coralyne and analogues, 55, 

289 

radical, of PTOC-amines by radical 
processes, 58, 23 

of styrylpyridines, 55, 285-297, 304 
of 1-styrylpyridinium salts, 55, 283, 293, 
304 

of 6,6'-thiobiuracils, 55, 199 
Photocycloaddition, uracil-6-carbonitrile to 
diphenylacetylene, 55, 226 
Photocycloadditions 
of pentafluoropyridine, 59, 23 
3-phenyl-6-trifluoromethyl-1,2,4-triazin-5- 
one with ketene, 59, 44 
l,2,4-triazine-3,5-diones with olefins, 

59, 44 

Photodimerization, 

of benzo[6]quinolizinium salt, 55, 320 
of uracil derivs, 55, 142 
Photodynamic therapeutic agents 
chalcogenopyrylium dyes, 60, 143 
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thiopyrylium, selenopyrylium, 
telluropyrylium salts, 60, 172 
Photoelectron spectra 
of oxanthrene, telluranthrene, 58, 110 
of phenoxathiin, phenoxaselenin, 
phenoxatellurins, 58, 110 
see also X-ray photoelectron spectra 
(XPS) 

Photoelectron spectroscopy, thioxoethanal 
detection by, 55, 11 
Photoextrusion, of CO from thiophen- 
2(3tf)-ones, 59, 205 
Photographic emulsion stabilizers, 

[ 1,2,4]triazolo[ 1,5-b][ 1,2,4]triazines, 

59, 127 

Photographic materials, thiopyrylium, 
selenopyrylium, telluropyrylium salts, 

60, 170-1 

Photographic reagents, pyrazolo[5,1-ti¬ 
ll,2,4]triazines, 59, 155 
Photographic stabilizers, 

[ 1,2,4]triazolol 1,5-o]pyrimidines, 57, 
127 

Photoinduced electron transfer, 

perfluoroalkylation of aminopyridines 
by, 59, 8 

Photoisomerisation, cisltrans-, of 

stilbazole analogues, 55, 284, 292-295 
Photolysis 

of 6-anilino-5-diazouracils, 55, 199 
of 3-azido-2,l-benzothiazoles, 55, 23 
of 2,1,3-benzothia/selenadiazole N- 
oxides, 55, 23 

of 5-fluoro-4,6-bis(heptafluoroisopropyl)- 
1,2,3-triazine, 59, 25 
of 6-azidouracils, 55, 197, 200 
Photo-oxidation, of 2,4,6- 

triphenylthiopyrylium ion, 60, 140 
Photoreactions of uracils and derivs, 55, 
141 

Photorearrangements 
of 5,7-dimethylisoxazolo[3,4-rf]pyri- 
midine-4,6-diones, 55, 182 
of tolan-6-cyanouracil 

photocycloadducts, 55, 226 
Photoresists, thiopyrylium. selenopyrylium 
salts, 60, 171 

Photosensitization, use of 

triphenylthiopyrylium in, 60, 160-70 
Photosubstitution, arylo-dehalogenation of 
5- and 6-halouracils, 55, 226 


Phthalazine-l,4-dione, formation, 
cycloadditions. 58, 211 
Phthalides, chiral 3,3-disubstituted, 
synthesis, 56, 268 

Phthalide, 3-cyano-3-lithio-. trapping of 
3,4-pyridyne by, 56, 275 
Phthalimide, A'-chioro-, reaction with 
pyrroles, 57, 327 
Picolines, see Pyridines, methyl- 
Piperazine, tV-benzoyl-tV'-methyl-, 
lithiation, 56, 261 

Piperazines, branched, fluorination, 59, 3 
Piperazine-2,5-diones 
alkylation at C, 57, 219 
alkylation via titanium enolates, 57, 266 
bridged, electrocyclic rearrangements, 
57, 228 

bromination, 57, 233, 251 
carbanion formation at C-3, 57, 235 
catalytic activity, 57, 276 
condensation with carbonyl compds, 57, 
221-6 

conformation, 57, 200 
epimerization and base-catalysed H 
exchange, 57, 218 

lead!IV) acetate acetoxylation, 57, 235 
Michael additions to, 57, 226 
reaction with carbon disulfide, 57, 206 
reaction with POCl 3 , 57, 209 
reduction with complex hydrides, 57, 211 
and related lactim ethers (review), 57, 
187 

spectra, 57, 200 
synthesis, 57, 189 

Piperazine-2,5-diones, 3-alkylidene-, 
configuration, 57, 223 
Piperazine-2,5-diones, 3-benzylidene- 
asymmetric hydrogenation, 57, 279 
cyclopropanation, 57, 227 
Piperazine-2,5-diones, 1,4-diacyl-, 

condensation with aldehydes, 57, 223 
Piperazine-2,5-diones, 1,4- 

di(alkylideneamino)-, 57, 197 
Piperazine-2,5-dione, 1,4-dibromo-, 
photoinduced reactions, 57, 208 
Piperazine-2,5-dione. 1,4-dimethy!-3,6- 
dithio-, anisaldehyde dithioacetal, 
bridgehead proton acidities, 57, 242 
Piperazine-2,5-dione, l,3-dimethyl-6- 
methylene-, addition of thiolacetic 
acid, 57, 231 
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Piperazine-2,5-diones, 1-hydroxy- 
conformation, 57, 276 
synthesis, 57, 269 

Piperazine-2,5-diones, 3,6-oxyalk(en)ylene- 
bridged, 57, 199, 218, 228, 247, 248 
Piperazine-2,5-diones, 3,6-dithio-*, 
synthesis, 57, 230 
Piperazine-2,5-diones, 3,6-dithio- 
optical resolution, 57, 238 
transacts epimerization, 57, 239 
Piperazine-2,5-diones, 3,6-epidithio- 
oxidation, 57, 240 
synthesis, 57, 235, 239 
Piperazine-2,5-diones, 3,6-epithio-, 
formation, 57, 232 
Piperazine-2,5-diones, 3-spiro(2- 
tetrahydrofuran) derivs, 57, 250 
Piperazine-2,5-diones, 3-thio-*, synthesis, 
57, 230 

Piperazine-2,5-dithiones, 57, 209 
Piperazine, A'-(a-lithiothioformyl)-N - 
methyl-, 56, 259 

Piperazine, iV-methyl-, in benzaldehyde 
lithiations, 56, 261 

Piperazine-2,3,5-trione, 1,4-dimethyl-6- 
benzyl-, 57, 248 

Piperazin-2-one, formation by hydride 
reduction of dione, 57, 211 
Piperidine, A'-(3-alkoxyphenyl)-, lithiation, 
56, 260 

Piperidine, l-t-butyliminomethyl-2-lithio-, 
56, 271 

Piperidine, N-(a-lithioformyl)-, 56, 259 
Piperidine, 7V-(a-lithiothioformy])-, 56, 259 
Piperidine, A^-methyl-2-phenyl-, lithiation, 
56, 261 

Piperidine, perfluoro-, use, 59, 29 
Piperidine, 1-phenyl-, nitration, 58, 250 
Piperidines 

electrochemical fluorination, 59, 5 
synthesis from 2-azabuta-l,3-dienes, 
57,54 

Piperidine-2-carboxylic acid, 5-amino-6- 
oxo-, synthesis, 57, 263 
Platelet aggregation inhibitors, 
piperazinediones as, 57, 243 
Polarography 

of bipyrylium and bi-thiopyrylium salts, 
60, 96-7 

direct current, of diazonia-aromatic 
species, 55, 339 


reduction of pyrylium, thio- and seleno- 
pyrylium salts, 59, 236 
of [1,2,4]triazolo[ 1,5-aJpyrimidines, 57, 
106 

Polycyclic aromatic nitrogen cations 
(review), 55, 261 

Polyfluoroalkylation, of heterocycles, 
methods for, 59, 7 

Polymerization initiators, thiopyrylium, 
selenopyrylium salts, 60, 171 
Polymers 

by criss-cross cycloadditions, 60, 33 
sensitization by thiopyrylium ion, 60, 69 
Polymers, fluoro-, from 4,5-difluoro-2,2- 
bistrifluoromethyl-1,3-dioxole, 59, 19 
Polyphasic dynamic reactor, lifetime 
measurements using, 58, 195 
Polythioacetaldehyde, 55, 6 
Porphyrin, octaethyl-, fluorination, 59, 4 
Porphyrins, reaction with N- 
fluoropyridinium salt, 57, 333 
Proline, N-acryloyl-, cycloaddition to 
nitrile oxides, 60, 293 
L-Proline, 4-fluoro-, synth of protected 
diastereomers, 60, 7 
Prolines, fluoro- and oxo-substituted, 

60, 21 

Proline, fumaric acid bis-amide, 

cycloaddition to nitrile oxides, 60, 293 
Propiolic acid, esters, see Propynoic acid, 
esters 

Propionitrile oxide, 3-benzyloxy-2-methyl-, 
diastereoselectivity of cycloaddition, 
60, 285 

Propionitrile oxide, 2,3,3,3-tetrafluoro-, 
cycloaddition to imine, 60, 38 
Propiononitrile oxide, 2-methyl-2- 

trimethylsilyloxy-, formation from the 
furoxan dimer, 60, 267 
Propylthiouracil, structure and use, 55, 132 
Propyne, perfluoro-, cycloaddition to 
phenylsydnone, 59, 12 
Propynoic acid condensation 
with ureas, 55, 136 
with aminotriazoles, 57, 86 
Propynoic esters 
condensation with 

3-hydroxyquinolizinium salt, 55, 312 
reaction with 

6-amino-5-arylazouracils, 55, 171 
an azido-thiazole, 60, 31 
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3,4-bistrifluoromethylfuran, 59, 24 
4-diazopyrazol-3-ones, 59, 79 
2A/-pyrans, 59, 219, 224 
Propynoic esters, 3-perfluoroalkyl- 
cyclocondensations using, 60, 15 
reaction with S 4 N 4 , 60, 37 
Prostaglandin analogs, isoxazolines, 60, 
297 

Protecting groups, for pyrrole N in 
lithiation, 56, 165-7 
Protective groups 
at N in lithiation 
of benzimidazoles, 56, 204-5 
of imidazoles, 56, 192-3. 196-7 
of indoles, 56, 173-7 
of pyrazoles, 56, 187 
of pyridones, 56, 251-2 
of pyrroles, 56, 165-7 
of 1,2,4-triazoles, 56, 208 
imidazol- and 4,5-dihydroimidazol-2-yl, 
for aldehydes and ketones, 56, 265, 
274 

Protiodebromination, of 6-bromo-2,3- 
dihydro-l,4-diazepinium salts, 56, 28 
Protoberberines, 55, 287 
Protonation site, of uracil, 55, 132 
Pschorr reactions 

forming 3-phenylbenzo[r]pyrido( 1.2- 
/Jphenanthridinium ion, 55, 302 
in pyrido[I,2-/]phenanthridinium salt 
synthesis, 55, 294 
Pseudobases 

of azonia-dibenzopyrene ion, 55, 307 
of coordinated ligands, formation, 58, 
138 

hydrolysis of thiopyrylium ions, 60, 143 
methoxide adducts of pyrylium and 
thiopyrylium ions, 60, 84, 145-6 
Pseudouridine, structure, 55, 132, 135 
Pteridines, mono- and poly-chloro 
derivatives, 59, 339 

Pteridine-2,4-diones, synthesis from 5,6- 
diaminouracils, 55, 159 
Purimidines, 2,4-bistrifluoromethyl-, 

59, 16 

Purin-6-ones. 2-hydrazino-3-methyl-, 
cyclization with orthoesters, 55, 208 
Purines, 9-amino- derivatives, synthesis, 
55, 177 

Purines*, halogenation and 

halodehydroxylation, 59, 320-3 


Purines, lithiation at C-6 and C-8, 56, 
205-6 

Purine derivatives, naturally-occurring, 55, 
134 

Purine nucleosides, O-protected. lithiation, 
56, 205 

Purine nucleosides, fluoro-, 59, 323 
Purine synthesis, from 5,6-diaminouracils, 
55, 154 

Purine-2,6-diones see Xanthines 
Purine, 6-lithio-9-tetrahydropyranyl-, 56, 
250 

Purine-3- and 8-thiones*, halogenation, 59, 
322 

2//-Pyran, 3,4-dihydro-, addition/ 

cyclization to allyl-aminium cation 
radicals, 58, 29 

4//-Pyran, 2,4,4,6-tetraphenyl-, 
bromination, 58, 296 

4//-Pyran-2-carboxylic acid, 5-hydroxy-4- 
oxo- (comenic acid), bromination, 58, 
297 

Pyran, 4-cyclopentadienylidene-2,6- 
diphenyl-, manganese complexes, 
polarography, 60, 98 

4//-Pyran-3,5-dicarbaldehyde, 4-ethynyl-, 
reaction with 1,2-diamines, 56, 9 
Pyrano[2,3-d:6,5-d']dipyrimidine-2,4,6,8- 
tetrones*, 5-aryl-3,7-dimethyl-, 55, 

201 

7//-Pyrano[3,4-c]isoxazole, 3,3a,4,5- 
tetrahydro-, 60, 310, 311 
7//-Pyrano[3,4-c]isoxazole, 3,3a,4,5- 
tetrahydro-. 3,5-C| 0 -bridged, 60, 307 
Pyran-2-ones, bromination, chlorination, 
58, 296-8 

Pyran-2-ones, 6-aryl-, iodination, 58, 297 
Pyran-2-ones, 3-benzoylamino-, formation 
by rearrangement, 56, 133 
Pyran-2-one, 6-me!hyl-3-phenyl-, nitration, 
58, 251 
Pyran-4-ones 
bromination, 58, 297 
reaction with organometallics, 60, 11 
reduction by hydride species, 60, 115 
Pyran-4-one, 2.6-dimethyl-, diprotonation, 
60, 85 

Pyran-4-one. 2,6- and 3,5-diphenyl-, 
nitration, 58, 251 

5T/-Pyrano[2,3-h|pyrazine, 3-methoxy-6,7- 
dihydro-, 57, 257 
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5//-Pyrano[4,3-4]pyrimidine-2,4-diones, 
7,8-dihydro-, 55, 189 
Pyrano[2,3-4]pyrimidine-2-ones and 2,4- 
diones, 55, 174 

Pyrano[2,3-rf]pyrimidine-2,4,5-triones, 55, 
174 

Pyran-4-thiones, formation, 60, 109 
Pyranyl anion, 2,4,6-triphenyl-, alkylation, 
60, 95 

2//-Pyran-5-carboxylic ester, 6-ethoxy- 

2.2.3- trifluoro-4-trifluoromethyl-, 

59, 10 

2//-Pyran-4-carboxylic ester, 2-oxo-6- 
trifluoromethyl-, synthesis, 
cycloadditions 59, 17 
4//-Pyran-4-phosphonate, 2,6-diphenyl-, 

60, 157 

Pyrazabole ligand, see 
Tris(pyrazolyl)borate 
Pyrazin-2-amine, 3-(4,5-dihydro-4-oxo- 

1.2.4- oxadiazol-3-yl)-, rearrangement, 
56, 76 

Pyrazines, acidity constants of coordinated 
species, 58, 133, 136 
Pyrazine, aromaticity estimates/indices, 

56, 311, 316, 323, 335, 340 
Pyrazines 

from 4-amino-2-aza-1,3-dienes, 57, 37 
halogenation, 58, 314-20 
synthesis from 2-aza-l ,3-dienes, 57, 

34, 37 

Pyrazine bis(pentammine-ruthenium) 5 + 
(Creutz-Taube ion), 58, 124 
Pyrazine dioxide, 2,5-dimethyl-, 
bromination, 58, 319 
Pyrazine dioxide, 2,5-dimethyl-3,6- 
diphenyl-, nitration, 58, 253 
Pyrazine /V-oxides, chloropyrazines from, 
58, 316 

Pyrazines, 2,3-bistrifluoromethyl-, 59, 17 
Pyrazines, 2- and 2,6-di-chloro-, lithiation, 
56, 248 

Pyrazines, 2,5-dialkoxy-3,6-dihydro- 
aromatization, 57, 257 
formation, 57, 255 
lithiation, 57, 259 

use in nonproteinogenic aminoacid 
synthesis, 57, 258 

Pyrazines, 2,5-di(alkylthio)-3,6-dihydro-, 
formation, 57, 255 


Pyrazine, 1,4-dihydro-, structure, 
calculations, 56, 338, 384 
Pyrazine, 1,4-dihydro-1,4- 
bis(trimethylsilyl)-, pmr, 
antiaromaticity, 56, 384 
Pyrazine, 2,5-dimethyl-3,6-diphenyl-, 
nitration, 58, 253 

Pyrazines, hexahydro-, see Piperazines 
Pyrazines, 2- and 2,6-di-methoxy-, 
lithiation, 56, 248 

Pyrazine, methyl-, side-chain chlorination, 

58, 316 

Pyrazine, 2-methylthio-*, lithiation, 56, 248 
Pyrazines, perhydro-, see Piperazines 
Pyrazine, phenyl-, nitration, 58, 253 
Pyrazine-3-acetonitriIe oxides, 2,5- 

dialkoxy-3,6-dihydro-, cycloaddition 
to alkenes, 60, 285 

5//-Pyrazino[2,3-6][ 1,4]benzoselenazine*, 
action of chlorine, 59, 339 
5//-Pyrazino[2,3-6][ 1,4]benzothiazine*, 
action of chlorine, 59, 339 
Pyrazino[l,2-a:4,5-n']diindole-6,13-dione 
(indolocoll), 57, 205 

Pyrazino[2,1-6:5,4-h']diquinazoline-7,14- 
dione, 6,13-dihydro-, 57, 256 
Pyrazin-2-ones, 3,6- and 5,6-dipheny!-, 
nitration, 58, 253 

Pyrazin-2-ones, 5-ethoxy-3,6-dihydro-, 
aromatization, 57, 258 
Pyrazin-2-one, 3-phenyl-, nitration, 58, 

253 

Pyrazino[ 1,2,3 A-lmn}[ 1,10]phenanthroline 
dication, 55, 297 

Pyrazino[2,3-4]pyridazine, 5,8-dichloro-, 

59, 338 

Pyrazino[l,2-a]pyrimidines, synthesis from 
2-aza-l,3-dienes, 57, 37 
Pyrazino-quinazolines, formation from 
lactim ethers, 57, 257 
Pyrazolate betaines, and precursors, 60, 

205 

Pyrazoles 

acidity constants of coordinated species, 
58, 132 

bromination, 57, 341 
chlorination, 57, 336 
halogenation, general and kinetics, 57, 
336 

iodination in colloidal media, 57, 344 




INDEX 


417 


regiospecific synthesis from 4-amino-1- 
azabuta-1,3-dienes, 57, 7 
synthesis from /3-amino-a/i-unsatii rated 
imines, 57, 3 

trimer formation on halogenation, 57, 
337. 341 

Pyrazoles, 1-substituted, lithiation, 57, 343 
Pyrazoles, nickel!ID-coordinated, 
iodination, 57, 354, 58, 158 
Pyrazole 

aromaticity estimates/indices, 56, 341 
dipole moment measurement, 60, 230 
direct lithiation. 56, 163 
rate of iodination, 57, 343 
Pyrazole anion, rate of iodination, 57, 343 
Pyrazoles, 4-acyl-, from 5-acylpyrimidine 
hydrazone rearrangements, 56, 142 
Pyrazoles, 1-amino-, action of halogenating 
agents, 57, 339 

Pyrazoles, 3-amino-, amination, 59, 67 
Pyrazoles, 1-amino-, halogenation with 
rearrangement, 58, 321 
Pyrazole, 3-amino-4-arylazo-, cyclizations 
to pyrazolo[3,4-e]-1,2,4-triazines, 

59, 80 

Pyrazole, l-amino-3,5-dimethyl-, reaction 
with halogenating agents, 57, 339 
Pyrazole, 3-amino-5-hydrazino-. synthesis, 
condensations, 59, 77 
Pyrazoles, l-(o-aminophenyl)-, 56, 138 
Pyrazoles, 4-o-aminophenyl-, formation 
from 3-acylbenzofurans, 56, 124 
Pyrazoles. l-aryl-4-(3-(N- 

methylimino)prop-]-enyl)-, 56, 142 
Pyrazole, l -benzenesulfonyl-4-bromo-5- 
lithio-, 56, 188 

Pyrazole, 4-benzylideneamino-3,5- 
bistrifluoromethyl-, 59, 23 
Pyrazole, 4-bromo-l-methyl-, Grignard 
reaction of, 56, 190 
Pyrazoles, 5-chloro-, 57, 340 
Pyrazoles, 1,5-diamino-, condensation with 
a-diketones, 59, 68 

Pyrazole, 3,5-diaryI-4,5-dihydro-l-methyl- 
5-phenacyl. methylhydrazone, 60, 155 
Pyrazoles, 3-diazo- 
coupling with active methylene 
compounds, 59, 71 

cycloadditions with enol ethers, ketene 
acetals, enamines, 59, 68 


cyclocondensations with 
active methylene compds, 59, 71 
phenols, 59, 74 

phosphonium acylmethylids, 59, 70 
fused, cyclocondensations with active 
methylene compds. 59, 84, 155 
Pyrazoles, 4,5-dihydro-, cycloaddition to 
1.2,4,5-tetrazines, 59, 79 
Pyrazoles, 1,4-dihydroxy-, oxidation, 58, 
193 

Pyrazole, 1,3-, 1,4-and 1.5-dimethyl-. 

chlorination, 57, 337 
Pyrazole, l-dimethylamino-4-nitroso-3- 
triftuoroacetamido-, 56, 55 
Pyrazole, l-(dimethylsulfamoyl)-5- 

trimethylsilyl-, desilylation and anion 
capture, 56, 188 

Pyrazole, 3,5-diphenyl-4-(,Q-phenylethyI)-, 
56, 123 

Pyrazoles, fluoroalkyl-, bromination, 57, 
341 

Pyrazoles, 5-fluoro-4-trifluoromethyl-, 

60, 16 

Pyrazoles, 1-hydroxy- 
and l-hydroxy-2-oxide 
bromination, 57, 342 
chlorination, 57, 339 
iodination, 57, 345 

Pyrazoles, 4-hydroxy-, chlorination, 57, 
338 

Pyrazole, 4-hydroxy-3.5-diphenyl-*, 
oxidation, 58, 189 

Pyrazoles, 3-hydroxy-5-perfluoroalkyl-, 
60, 15 

Pyrazoles, 4-o-hydroxyphenyl-, formation 
from 3-acylbenzofurans, 56, 123 
Pyrazoles, N-iodo-, 57, 344 
Pyrazoles, 4-lithio- derivatives, 56, 189 
Pyrazole, 1-lithiomethyl-, 56, 185 
Pyrazoles, methyl phenyl, nitration. 58, 
228 

Pyrazole, 1-methyl- 
bromination, 57, 341 
lithiation, 56, 185 

Pyrazole, 3-methyl-, chlorination, 57, 337 
Pyrazoles, l-methyl-3,4- and 4.5- 

bis(trimethylsilyl)-, bromination, 57, 
343 

Pyrazole, l,l'-methylenedi-, kinetic and 
thermodynamic lithiation, 56, 185 
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Pyrazoles, 1-phenyl- 
bromination, 57, 342 
nitration, 58, 226-35 
Pyrazole, 1-phenyl- 
bromination, 58, 227 
lithiation, 56, 186, 191 
Pyrazoles, l-polyfluoroalkyl-3- 
trifluoromethyl-, 60, 32-3 
Pyrazoles, trifluoromethyl- 
from dimethylhydrazones and TFAA, 

60, 26 

synth from trifluoroacetyl alkynes, 

59, 16 

Pyrazoles, 3-trifluoromethyl-l-phenyl-, by 
cycloadditions, 60, 29 
Pyrazoles, 3(5)-trifluoromethyl-4- 
trifluoroacetyl-, 60, 15 
Pyrazole-4,5-diones, condensation with 
thiosemicarbazide, 59, 82 
Pyrazole-3-acetic esters, o-amino-o- 
trifluoromethyl-, 60, 37 
Pyrazole-3-carbaldehyde hydrazones, 
condensations forming pyrazolo- 
[l,5-£/][l,2,4]triazines, 59, 79 
Pyrazole-4-carbaldehydes, 1-aryl-, 
bromination, 57, 341 

Pyrazole-3-carbohydrazides, condensations 
forming pyrazolol 1,5 -d\[ 1,2,4]tria- 
zines, 59, 77 

Pyrazole-4-carbonylurea, formation from 
uracil-5-formylhydrazone, 55, 223 
Pyrazolecarboxylic esters, iodination, 57, 
344 

Pyrazole-4-sulfonamide, iV-t-butyl-l- 
methyl-, lithiation, 56, 185 
Pyrazolidin-3-one and 1-methylene ylids, 
trapping by thioxoacetate ester, 55, 12 
Pyrazolidines, 1-phenyl-, nitration, 58, 233 
Pyrazoline-3,5-dione, 1,2-diphenyl-, 
nitration, sulfonation, 58, 233 
Pyrazoline-3-thiones, halo-dethiolation, 57, 
340 

Pyrazolinones 
chlorination, 57, 338 
formation by uracil ring transformation, 
55, 213, 218, 220 

Pyrazolin-5-ones, 3-acylamino-l-aryl-, 
formation by rearrangement, 56, 75 
Pyrazolin-5-one, 4,4-diazido-3-methyI-l- 
phenyl-, decomposition with 
rearrangement, 59, 153 


Pyrazolinones, 1-phenyl-, nitration, 58, 
230-3 

Pyrazolium betaines, and precursors, 60, 
207 

Pyrazolium salts, halogen exchange in, 57, 
343, 345 

Pyrazolium ion, 2-methyl-l-phenyl-, 
nitration. 58, 226 
Pyrazol-l-ium-2-ylides, 3,3- 
bistrifluoromethy 1-1 - 
hexafluoroisopropylidene-, 60, 32 
4f/-Py razolof 1,5-a]benzimidazoles, 
bromination, 59, 284 

Pyrazolo[ 1,2-a][ 1,2,4]benzotriazin-1 (2//),3- 
diones, -1,3,5-triones, 59, 67 
Pyrazolo[5, l-c][ 1,2,4]benzotriazine 5- 
oxides, 59, 76 

l/f-Pyrazolo[l,2-a][l,2,4]benzotriazine-2- 
carboxylic ester, 5,6-dihydro-l,5- 
dioxo-, 59, 67 

Pyrazolo[5,l-c][l,2,4]benzotriazines, 59, 74 
Pyrazolo[5,l-a)isoindol-2(3//),5-dione, 

1,9b-dihydro-3-phenyl-, nitration, 58, 
247 

Pyrazolo(5,l-a]isoquinolines, 5,6-dihydro-, 
formation by rearrangement, 56, 75 
Pyrazolo[5, l-a]isoquinolines, 1,5,6,10b- 
tetrahydro-, formation by 
rearrangement, 56, 78 
3W-Pyrazol-3-ones, from pyrazolinone 
oxidation, cycloadditions, 58, 185 
3//-Pyrazol-3-one, 4,5-diphenyl-, 
generation, trapping, 58, 183 
4W-Pyrazol-4-one 1,2-dioxides, 58, 193 
4//-Pyrazol-4-one 1,2-dioxides, radical 
anions, 58, 193 

4//-Pyrazol-4-one, 3,5-diphenyl- 
cycloadditions, 58, 190 
generation, trapping, 58, 189 
4//-Pyrazol-4-one 1-oxides, phenyl-, 
t-butyl-, 58, 193 

Pyrazolo[3,4-f»]pyrazines, 3-amino-, 
-acylamino-, 56, 76 

Pyrazolol 1,2-a]pyrazoles, bromination, 59, 
284 

Pyrazolo[l ,2-u]pyrazole, calculated 
electron densities, 55, 276 
I//,5«-Pyrazolo[l ,2-a]pyrazoles, 1,1.5,5- 
tetrakistrifluoromethyl-, 60, 31-2 
Pyrazolo[l ,2-a]pyrazoledione*s, 

ftuorination by acetyl hypofluorite, 59, 4 
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Pyrazolo[3,4-c]pyrazoles, 3-arylamino-1,6- 
dihydro-6-phenyl-, 56, 76 
Pyrazolo-pyridazines, bromination, 59, 325 
Pyrazolol 1,2-a]pyridazinium (ion) 
calculated electron densities, 55, 276 
electronic spectrum, 55, 330 
Pyrazolo[ 1,2-o]pyridazinones, formation 
by trapping, 58, 185-8 
Pyrazolo-pyridines, halogenation, 59, 314 
Pyrazolol l,5-o]pyridine, 2-fluoro-3- 
trifluoromethyl-, 60, 36 
Pyrazolo[3,4-b]pyridines. 3-acylamino-, 

56, 76 

Pyrazolo[3,4-b]pyridine, 3-diazo-, 
cyclocondensations, 59, 75 
Pyrazolo-pyrimidines, halogenation, 59, 

320 

Pyrazololl ,5-o]pyrimidin-7-ones, 6-(3,4- 
dihydro-3-oxoquinoxalin-2-yl-, 56, 123 
Pyrazolo[3,4-4]pyrimidine, 3-diazo-4- 
methyl-6-phenyl-, condensation with 
active methylene compds, 59, 155 
2H-Pyrazolo[3,4-<flpyrimidine-4,6-diones, 
5,7-dimethyl-, 55, 192 
Pyrazolo[3,4-4]pyrimidine-4,6-diones, 55, 
176, 179 

1 W-Pyrazolo[3,4-J]pyrimidine-4,6-diones, 
55, 182, 192 

Pyrazolo[3,4-4]pyrimidine-4,6-diones, 3- 
amino-, 55, 182 

Pyrazolo[3,4-4]pyrimidine-4,6-diones, 3- 
amino-5-phenyI-, 55, 208 
Pyrazolo[3,4-4]pyrimidine-4,6-diones, I- 
and 2-aryl-, 55, 190 

Pyrazolo[3,4-4]pyrimidine-3,4,6-trione, 5,7- 
dimethyl-3-pheny!-, synth, 55, 150 
Pyrazolo[4,3-4]pyrimidine, 3-bromo-7- 
methoxy-, 1-substituted, Br-Li 
exchange with ring cleavage. 56, 190 
Pyrazolo[4,3-4]pyrimidine-5,7-dione 1- 
oxides, 55, 187 

Pyrazolo[4,3-4]pyrimidine-5,7-diones, 
formation from pyrimido-triazine N- 
oxides, 55, 190 

Pyrazolo[4,3-4]pyrimidine, 7-methoxy-2- 
(tetrahydropyranyl)-, lithiation, 56, 189 
Pyrazololl ,2-o][ 1,2,4]triazines, reduced 
and fused systems, 59, 66-7 
1 H ,6/f-Pyrazolo[ 1,2-oJ[l ,2,4]triazin-l-ium 
salt, 2,3,7,8-tetrahydro-l,3-dioxo-, 

59, 66 


Pyrazolol1,5-6][ 1,2,4]triazines, 59, 67-8 
Pyrazolo[2,3-c][l,2,4]triazines, 
bromination, 59, 328 
Pyrazolo[5,l-c][l,2,4]triazines, 3- 
heterocyclyl, 59, 71 

Pyrazolo[5,l-r|( 1,2,4Jtriazines, 59, 68-77 
Pyrazolo[5,l-c][l,2,4]triazin-4-ones 
methylation, 59, 71 
synthesis, 59, 71, 77 

Pyrazolol 1,5-</][ 1,2,4]triazines, 59, 77-80 
Pyrazolol 1,5-d][l ,2,4]triazin-4-one. 8-C- 
riboside, 59, 79 
Pyrazolo[3,4-e]-l ,2,4-triazines 
further fusion to, 59, 141-2 
synthesis, 59, 80-3 

Pyrazolo[4,3-e][l,2,4]triazines, 59, 83-4 
Py razolo[3,4-e][ 1,2,4]triazolo[3,4-c] [ 1,2,4]- 
triazines, 59, 141-2 

Pyridazine 1,2-dioxide, 3,6-dimethyl-, 58, 
300 

Pyridazine 1-oxides, chloro-denitration, 58, 
300 

Pyridazine 1-oxide, 3-amino-, bromination, 
58, 300 

Pyridazines, halogenation, 58, 298-301 
Pyridazine 

acidity constants of coordinated species, 
58, 133 

aromaticity estimates/indices, 56, 323, 
340 

Pyridazine, 3,6-dichloro- 
lithiation, 56, 248, 58, 300 
synthesis, 58, 299 

Pyridazine, 1,2-dihydro-, calculations, 
antiaromaticity, conformations, 56, 

384 

Pyridazine, 3,6-dimethoxy-, lithiation, 56, 
248 

Pyridazines, phenyl-, nitration, 58, 252 
Pyridazine, tetrachloro-, 58, 298, 301 
Pyridazine, tetrafluoro- 
nucleophilic substitution in, 59, 20, 21 
synthesis, 58, 301 

Pyridazinium betaines, 4-bromo-5-oxido-I- 
phenyl-, from 5-phenacylisoxazole 
phenylhydrazone rearrangement, 56, 
129 

Pyridazino[3,4-c)isoqumolines, 
halogenation, 59, 335 
Pyridazinone N- oxides, bromination, 58, 
300 
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Pyridazin-3-ones, 2-aryI-5-hydroxy-, 
chlorination, 58, 299 

Pyridazin-3-ones, 2-phenyl-, nitration, 58, 
252 

Pyridazin-3-one, 6-phenyl-, chlorination, 

58, 299 

Pyridazino[ 1,2-6]phthalazine-6,11 -dione, 
1,4-dihydro-, 58, 211 
Py ridazino[4' ,5 ’ :3,4]pyrazolo[5,1 - 
c][l,2,4]triazines, 59, 84 
Pyridazino[l,2-a]pyridazine-l,4-dione, 6,9- 
dihydro-, bromination, 59, 337 
Pyridazino[l ,2-a]pyridazinium (dication), 
calculated electron densities, 55, 275 
Pyridazino[4,5-c]pyridazine, 5,8-dichloro-, 

59, 337 

Pyridazino[4,5-rf]pyridazine, 1,2,5,8- 
tetrachloro-, 59, 337 
Pyridines 

bromination, 58, 281-9 
chlorination, 58, 272-81 
fluorination, 58, 291-5 
Grignard reagents from, 56, 227-8 
iodination, 58, 289-91 
perfluoroalkylation, by rongalite and 
R F I, 59, 9 

reactivity of ^-coordinated complexes, 
58, 159 

synthesis by electrocyclization of aza- 
hexatrienes, 57, 33, 39, 44 
synthesis via nitrile oxides, 60, 302 
Pyridine 

aromaticity estimates/indices, 56, 308, 
311, 316, 323, 328, 335, 340 
cycloaddition to 6-carbodiimidouracils, 
57, 50 

fluorination, 59, 3, 4 

metalation, solvent effects, 56, 228 

potassiation, 56, 227 

reaction with acetyl hypofluorite, 58, 

280 

reaction with ethyl chloroformate and 
tetramic acid, 57, 170 
reaction with organolithiums, 56, 226 
triplet state conformation, calculated, 

56, 357 

Pyridine boron trifluoride complex, 
lithiation, 56, 229 

Pyridine chromium tricarbonyl complexes, 
synthesis, lithiation, 56, 230, 239 


Pyridines, 2,3-disubstituted, synthesis by 
lithiation, 56, 230 

Pyridine hexafluoroacetone complex, 
lithiation, 56, 229 

Pyridine 1-imines*, cycloaddition to 
trifluoroacetonitrile, 59, 18 
Pyridine 1-oxide 
acylamination, 58, 278 
reaction with tetramic acid, 57, 179 
metalation, 56, 229 
Pyridine 1-oxides 
bromination, 58, 288 
conversion into chloropyridines, 58, 277, 
278, 279 

Pyridine l-oxide, 2-methyl-, reaction with 
Grignard, 55, 304 
Pyridine l-oxide, 4-nitro-, bromo- 
denitration, 58, 289 

Pyridine 1-oxides, phenyl-, nitration, 58, 
249 

Pyridine l-ylids 

cycloaddition to trifluoroacetonitrile, 

59, 18 

cycloadditions, 60, 36, 37 
reaction with 2,6-diaminothiopyran-3,5- 
dicarbonitriles, 59, 222 
reaction with fluoroalkenes, 59, 12 
Pyridines, 3-substituted, directed 
metalation in, 56, 230 
Pyridines, 3-acetyl-2-amino-, formation by 
rearrangement, 57, 11 
Pyridines, amino- 
bromination, 58, 283 
PET-perfluoroalkylation of, 59, 8 
Pyridines, 2-amino-3,3,4,4-tetracyano- 
3,3,4,4-tetrahydro-, 57, 49 
Pyridine, 2-anilino-, nitration, 58, 250 
Pyridines, 6-aryl-1,2,3,4-tetrahydro-1 - 
methyl-*, bromination and Br/Li 
exchange, 56, 271 
Pyridine, 4-azidotetrafluoro-, 

cycloadditions to olefins and alkynes, 
60, 31 

Pyridine, 4-azido-tetrafluoro-, thermolysis, 
59, 27 

Pyridine, 2-azido-4- and 5-trifluoromethyI-, 
thermolysis, 59, 26 

Pyridine, 2-(l-benzenesulfonylindol-2-yl-, 
lithiation, 56, 178 
Pyridine, 2-benzoyl-, 56, 230 
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Pyridines, benzyl-, nitration, 58, 249 
Pyridines, 3-bromo-2-halo-, halogen dance 
migrations, 56, 237 

Pyridine, 1 -butyl-1,4-dihydro-4-(pyrazol-3- 
ylidene)-, rotation barrier, 60, 227 
Pyridine, 1 -t-butyliminomethyl-1,2,3,4- 
tetrahydro-. lithiation, 56, 271 
Pyridine, 3-chloro-, synthesis, 58, 280 
Pyridine, 2-(o-chlorostyryl)-, 
photocyclization, 55, 285 
Pyridine, 2-cyclopentadienylidene-l ,2- 
dihydro-l-methyl-, rotation barrier, 

60, 227 

Pyridines, 3,5-diacyl-l ,4-dihydro-2,6- 
dimethyl-4-phenyl-, nitration, 58, 250 
Pyridines, 2,4-diamino-, synthesis from 
styryl heterocumulenes, 57, 52 
Pyridine, 2,6-dibromo-. Br/Li exchange 
with rearrangement, 56, 232 
Pyridines, di-t-butyl-, formation via 
thiazepines, 59, 221 

Pyridine, 1,1-dihydro-. AMI calculations, 
56, 358 

Pyridines, dihydro-, lithiation, 56, 269 
Pyridine, 4-(4,4-dimethyloxazol-2-yl)-2- 
lithio-*, 56, 268 

Pyridine-2,6-diones, formation by ring 
transformation of uracils, 55, 214 
Pyridine, 2,3-diphenyl-, formation in 

diphenyldihydrodiazepine thermolysis, 
56, 22, 39 

Pyridine, 2-(4-ethylpyrazol-3-yl)-3,4- 
dimethyl-, 56, 127 

Pyridine, 2-ferrocenyl-, lithiation, 56, 241 
Pyridine, 4-fluoro-, 59, 6 
Pyridine, 2-fluoro-, 59, 6, 7 
Pyridines, 2- and 3-fluoro-, lithiation, 

59, 24 

Pyridine, 2-(2-furyl)-, lithiation, 56, 241 
Pyridines, hexahydro-, see Piperidines 
Pyridine, 3-hydroxy- 
bromination, 58, 283 
iodination, 58, 290 

Pyridines, 3-hydroxy-2- and 4-phenyl-, 
nitration, 58, 249 

Pyridines, 4-lithiations, 56, 238-40 
Pyridine, 2- and 2,6-di-lithio-, 56, 229 
Pyridines, 3-lithio-polysubstituted. 56, 236 
Pyridines, 3-lithio-2-substituted, 56, 233-4 
Pyridines, 3-lithio-4-substituted. 56, 235 


Pyridines, methoxy-, bromination, 
kinetics, 58, 284 

Pyridine, 4-methyl-, chlorination, 58, 274 
Pyridines, 3- and 4-(2-oxazolinyl)- 
derivatives, lithiation, 56, 267 
Pyridine, pentachloro-, 58, 273 
Pyridine, pentafluoro- 
addition of fluorine, 59, 22 
nucleophilic substitution in, 59, 19, 

20, 22 

photocycloadditions to alkenes, alkynes, 
59, 23 

Pyridines, phenyl-, nitration, 58, 248-50 
Pyridines, 2-pheny!-, synthesis by cross- 
couplings, 56, 278 

Pyridines, pivaloylamino-, lithiation, 58, 
290 

Pyridine, 2-(prop-1 -enyllsulfinyl-, 
lithiation, 56, 241 

Pyridines, ring-fused, lithiation, 56, 241 
Pyridine, 2,3,5,6-tetrachloro-, 58, 273 
Pyridine, 2,3,5,6-tetrafluoro-4-mesitylazo-, 
cyclization to fused 1,2-diazepine, 

59, 13 

Pyridine, 2,3,4,5-tetrahydroperfluoro-, 
reaction with diazomethane, 60, 38 
Pyridines, I,2,3,4-tetrahydro-l- 
phenylsulfonyl-, 57, 17 
Pyridine, 2-(2-thienyl)-, lithiation, 56, 241 
Pyridine, 2-trifluoromethyl-, 59, 7 
Pyridine, 3-trifluoromethyl-, 59, 10 
Pyridine, 3-trimethylsilyloxy-, lithiation, 

56, 231 

Pyridine-2-thiones, 1 -carbamoyloxy-, 
aminyl radicals from, 58, 11 
Pyridine-2-thiones, 1-carbimidoyloxy-, 
amidyl radicals from, 58, 37 
Pyridine-2-thiones, 4-dimethylamino-. 

57, 49 

Pyridine-4-thiones, 2-dimethylamino-, from 
vinyl isothiocyanates, 57, 49, 52 
Pyridine-2-carbaldehydes, 6-substituted, 
synthesis, 56, 212 

Pyridine-3-carbonitrile*, 5-acetamido-2- 
dicyanomethyl-4,6-dimethyl-, 56, 131 
Pyridine-2-carbonitriles, 3-amino-, 
synthesis from 2-aza-l,3-dienes, 

57, 34 

Pyridine-3-carbonitrile, 1,2- and 1,4- 
dihydro-, lithiation, 56, 269 
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Pyridine-2-carbonitriles, 3,6-dioxo-4- and 
5-di-t-butyl-, 58, 206 
Pyridine-2-carbonitriles, 1,4,5,6- 
tetrahydro-, 57, 15 
Pyridine-3-carboxylate, 5-cyano- 
1,4-dihydro-2,6-dimethyl-4- 
(o-trifluoromethylphenyl)-, 60, 302 
Pyridine-3-carboxylate, 5-cyano-6- 
hydroxy-, 55, 222 

Pyridine-1-carboxylate, 1,2-dihydro-, 57, 8 
Pyridine-3-carboxylates, 1,6-dihydro-6- 
oxo-, 55, 224 

Pyridine-2-carboxylates, 5-(a-iminoalkyl)- 
4-methoxy-, 57, 24 

Pyridine-3,5-dicarbaldehyde, 4-ethynyl-l ,4- 
dihydro- 1 -phenyl-, 56, 34 
Pyridine-3,5-dicarbonitrile, 2,6-dianilino-4- 
phenyl-, 59, 222 
Pyridine-3,5-dicarbonitrile, 2,6- 
dihydrazino-4-phenyl-, 59, 222 
Pyridine-2,3-dicarboxylates, synthesis from 
4-amino-1-aza-l,3-dienes, 57, 22 
Pyridine-2-propionamides, N-methyl-, 

57, 21 

l-(l-Pyridinio)borinide, calculations, 56, 
359 

Pyridinium ion, acidity constant of rj 6 - 
coordinated species, 58, 133 
Pyridinium (ions), from thiopyrylium ions 
with primary amines, 60, 150, 153 
Pyridinium ion, reactivity indexes, 55, 344 
Pyridinium salts, 3-acyl-, hydrazones, 
oximes, rearrangements with C-2 
attack, 56, 142 

Pyridinium ions, l-azolyl-2,4,6-triphenyl-, 
reaction with alkali, 60, 249 
Pyridinium salts, l-(benzimidazol-2-yl)-, 

60, 204 

Pyridinium chloride, l-(a- 

benzoyloxybenzyl)-, formation, 
lithiation, 56, 230 
Pyridinium betaines 
and precursors 

formation, 60, 204-6, 208-12, 214-7, 
221 

nmr spectra 224-7 

Pyridinium (ion), 4-cyclopentadienyl-l ,2,6- 
triphenyl-, manganese complexes, 
polarography, 60, 98 
Pyridinium ions, 1,2-diaryl-, formation, 
photocyclization, 55, 295, 297, 301-7 


Pyridinium (ion/salts), 1-fluoro- 
base-induced F migration, 59, 7 
reactions, 58, 280, 289, 292-3 
use, 59, 29 

Pyridinium ions, 4-(heterocyclylvinyl)-l- 
methyl-, calculations, 60, 241 
Pyridinium ion, l-methyl-4-(l- 

naphthylvinyl)-, calculations, 60, 241 
Pyridinium ion, 1-phenyl- 
bromination, 58, 250, 284 
nitration, sulfonation, 58, 250 
Pyridinium ion, 1-styryl- and analogues, 
55, 283, 293 

Pyridinium triflate, l-(2,2,2-trifluoroethyl)-, 
ylid from, and cycloadditions, 60, 

31, 37 

Pyridinium ylids, see Pyridine 1-ylids 
Pyridinones, conversion into 
chloropyridines, 58, 277 
Pyridin-2-one, chlorination, 58, 275 
Pyridin-2-ones, synthesis from 4-amino-l- 
aza-1,3-dienes, 57, 23, 24 
Pyridin-2-one, tautomerism and 
aromaticity, 56, 331 

Pyridin-2-ones, 3,4,5-trisubstituted, from 
uracil-alkyne photoadducts, 55, 149 
Pyridin-2-one, 3-t-butoxycarbonyl-l ,5- 
dilithio-, 56, 252 

Pyridin-2-one, l(?)-carboxy-4-lithio-, 56, 
252 

Pyridin-2-one, 1-chloro-, 58, 275 
Pyridin-2-ones, 3,4-dihydro-5-(a- 

iminoalkyl)-, synthesis from 4-amino- 
1-aza-l,3-dienes, 57, 24 
Pyridin-2-one, 4-fluoro-, 59, 6 
Pyridin-2-one, 1-fluoro-, 58, 293 
Pyridin-2-one, 1-fluoro-, use, 59, 29 
Pyridin-2-ones*, fused and substituted, 
from 1-aza-l,3-diene cycloadditions, 

57, 18 

Pyridin-2-one, 3-lithio-4-methoxy-l- 
methyl-, 56, 252 

Pyridin-2-one, 1-lithiomethyl-, 56, 251 
Pyridin-2-one, 6-lithio-l-methyl-, 56, 251 
Pyridin-2-one, 1-methyl-, fluorination, 58, 
292 

Pyridin-2-one, 5-methyl-l-phenyl-, 
nitration, 58, 250 

Pyridin-2-ones, 2- and 6-phenyl-, nitration, 

58, 249 

Pyridin-2-one, 1,3,5-trichloro-, 58, 275 
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Pyridin-4-one 
bromination, 58, 287 
chlorination, 58, 275 
Pyridin-4-ones 
lithiation, 56, 251 

synthesis from 2-aza-1,3-dienes, 57, 38 
Pyridin-4-ones, l-t-butoxycarbonyl-2,3- 
dihydro-, 56, 270 
Pyridin-4-ones, 2,3-dihydro-, by 

rearrangement of spiro-isoxazolines, 
60, 302 

Pyridin-4-ones, 4-hydroxy-, 4- 

diethylamino-. synthesis from vinyl 
isocyanates, 57, 48, 49 
Pyridin-4-one, 1-phenyl-, nitration, 58, 250 
Pyrido[2,3-c]azepin-7- and -9-ones, 5,8- 
dihydro-6-methoxy-, action of POCI 3 , 
59, 340 

Pyrido[ 1,2-a]benzimidazole. bromination, 
59, 316 

11//-Pyrido[3,4-r][ 1,2]benzodiazepine, 

1,3,4-trifluoro-7,9-dimethyl-, 59, 13 
Pyrido[2,l-6]benzothiazol-l-one*, 3- 
hydroxy-, halogenation, 59, 318 
Pyrido[4,5-6][ 1,4]diazepine-2,4,6-trione, 

4,6,7,8-tetrahydro-l ,3-dimethyl-, 55, 
151 

Pyrido[3,2-6:5,4-i>'ldiindole, 7,12-dihydro-, 

halogenation, 59, 310-1, 329 
Pyrido[2,3-d;6,5-rf']dipyrimidine-2,4,6,8- 
tetrones, 55, 200, 205 
Pyrido[2,3-d.'6,5-d'ldipyrimidine-2,4,6,8- 
tetrones*, 5-aryl-3,7-dimethyl-, 55, 201 
Pyrido[2,3-d;6,5-rf')dipyrimidine- 

2AM3HJH, ION) -triones, 55, 192 
Pyrido[r,2'-3,4]imidazo[l,2-c]pyridinium 
iodide, 2-chloro-, 55, 207 
Pyrido[2,3-i>]indoles 
iodination, 59, 310 
synthesis by intramolecular 
cycloaddition, 57, 50 
Pyrido[4,3-£>]indoles 
synthesis from indole and 1,4- 

bisdimethylamino-2-aza-1,3-dienes, 
57, 46 

synthesis from indole-3-carbaldehyde 
dimethylhydrazone, 57, 15 
Pyrido[ 1,2-c][ 1,3)oxazin-1 -one, 4,4a,5,6- 
tetrahydro-3-methyl-, 57, 20 
Pyrido[l,2-/]phenanthridinium (ion), 55, 
265 


Pyridof 1,2-/]phenanthridinium salts, 
synthesis, 55, 294 

Pyrido[3,4-£>]pyrazines, halogenation, 59, 
336 

Pyrido[l,2-o]pyrazinium 2-oxide* salt, 
bromination, 59, 336 

Pyrido[2', 1' :3,4)pyrazino[ 1,2-n]indol-5-ium 
salt,* 7-methyl-, 55, 317 
Pyrido-pyridazines*, halogenation, 59, 334-5 
Pyridof 1,2-f>]pyridazin-2(3/f )-one, 4,4a,5,6- 
tetrahydro-1,7-dimethyl-, 57, 20 
Pyrido[2,3-d]pyrimidine-2,4-diones 
formation by ring transformation of 
uracils, 55, 216 

synth from 6-aminouracils, 55, 163 
Pyrido(2,3-rf]pyrimidine-2,4-dione, 1,3- 
dimethyl-6-nitro-, 55, 165 
Pyrido[2,3-d]pyrimidine-2,4-diones, I- 
phenyl-, nitration, 58, 258 
Pyrido[2,3-£/]pyrimidine-2,4-diones. [5,6]- 
cycloalka-fused, 55, 156 
Pyrido[3,2-£/]pyrimidine-2,4-diones, 6-aryl-, 
55, 189 

Pyrido[2,3-d]pyrimidines, halogenation, 59, 
335 

Pyrido[2,3-d]pyrimidine-2,4(3//,8//)- 
diones, synthesis, 55, 159, 201, 202 
Pyrido[2,3-£/]pyrimidine-2,4.7-triones, 55, 
153, 190 

Pyrido[3,4-£/]pyrimidine-2,4,8-triones, 55, 
232 

Pyrido[2,3-d]pyrimidine-2,4,7-triones, 55, 
236 

Pyrido[2,3-rf]pyrimidine-2,4,7-triones 
formation by ring transformation of 
uracils, 55, 214 
synth, 55, 149 

Pyrido[2,3-d]pyrimidine-2,4,5- and 2,4,7- 
triones, synthesis, 55, 158 
Pyrido[2,3-d]pyrimidine-6-carbonitriles, 7- 
amino-l,2,3,4-tetrahydro-2,4-dioxo-, 

55, 200 

Pyrido[ 1,2-a]pyrimidin-4-ones. 

halogenation, 59, 335 
Pyrido[3,2-d]pyrimidin-4-one, 2- and 4- 
chloro-, 59, 335 

2//-Pyrido[ 1,2-zi]pyrimido[4,5-d]pyrimidine- 
2, 4(3//)-diones*. 5-dimethylamino- 
l,10a-dihydro-, 55, 208 
Pyrido[ 1,2-c]pyrimido[5,4-e]pyrimidine-1,3- 
diones*. 6-imino-2,4-dimethyl-, 57, 50 
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Pyrido( 1,2-a]pyrimido[5,4-e|pyrimidine- 
2,4(3«)diones, 55, 194 
Pyrido[2,3,4-^e]quinazolines, synthesis, 

57, 37 

Pyrido[l ,2-a]quinazolin-6-ones, 
halogenation, 59, 335 
Pyridof 1,2-a]quinoxalin-8-one*, 4-phenyl-, 
nitration, 58, 257 

Pyrido[2,3-c][l ,2,6]thiadiazine 2,2- 
dioxides*, bromination, 59, 336 
Pyrido[l',2':4,5][ 1,2,4]thiadiazino[2,3-a]- 
benzimidazoles, 60, 218 
4a«-Pyrido[2,l-/][1.2.4]triazine-5,6,7,8- 
tetracarboxyl ester, 4-methoxy-2- 
phenyl-, 59, 51 

Pyrido[2,3-</][ 1,2,4]triazolo[l ,5-a]pyri- 
midin-9-ones, 7-nitro-, 57, 118 
Py rido[2,3-e][ 1,2,4]triazolo[3,4- 
c][l,2,4]triazines, 59, 141 
2- and 3-Pyridylzinc chlorides, use in 
cross-coupling, 56, 278 
Pyridynes, formation in halopyridine 
lithiation, 56, 232 

2.3- Pyridyne, generation, 56, 275 

3.4- Pyridyne, generation, trapping by 3- 
cyano-3-lithiophthalide, 56, 275 

Pyrimidines 

halogenation, 58, 301-14 
lithiation at C-4 and C-5, 56, 247-9 
perfluoroalkylation, in Ziegler-Zeisser 
reaction, 59, 10 

synthesis from 2-aza-l,3-dienes, 57, 34 
Pyrimidine, aromaticity estimates, 56, 311, 
316, 323, 335, 340 

Pyrimidine nucleosides, O-protected, 
lithiation, 56, 253 

Pyrimidines, 5-acyl-, hydrazones, oximes, 
rearrangements, 56, 142 
Pyrimidine, 4-alkoxy-5-alkylamino-6- 
pentanoyl-, 56, 190 
Pyrimidine, 4-allyl-2,5,6-trifluoro-, 
pyrolysis, 59, 27 

Pyrimidines, 2-amino-, 1-oxides, formation 
by rearrangement, 56, 79 
Pyrimidines, 4-amino-6-(o-vinylphenyl)-, 
57, 10 

Pyrimidines, 2,4- and 2,6- 
bistrifluoromethyl-, 59, 16 
Pyrimidine, 5-chloro-2-phenyl-, 58, 302 
Pyrimidines, 1,2-diamino-*, triazolo- 
pyrimidines from, 57, 99 


Pyrimidine, 2,4-diethoxy-5-lithio-, 
synthetic use, 55, 195 
Pyrimidines, 2,4-difluoro- 
nucleophilic substitution in, 59, 19 
synthesis, 59, 3 

Pyrimidine, 2,4-difluoro- and analogues, 

58, 314 

Pyrimidine, 1,3-dihydro-, antiaromaticity, 
calculations, 56, 384 

Pyrimidines, 1,2-dihydro-, synthesis from 
4-amino-1-azabuta-l,3-dienes, 57, 10 
Pyrimidines, 1,2-dihydro-2-(2- 
oxoalkylidene)-, formation, 
rearrangement, 57, 11 
Pyrimidines, 2,4-dimethoxy-, 

demethylation by Me,SiI, 55, 141 
Pyrimidine, 2,5-diphenyl-, formation in 
triphenyldihydrodiazepine thermolysis, 
56, 22, 40 

Pyrimidines, 4-fluoro-, synthesis, 59, 16 
Pyrimidines, 5-fluoro-6-perfluoroalkyl-, 

59, 16 

Pyrimidines, 2-hydrazino-, triazolo- 
pyrimidines from, 57, 93 
Pyrimidines, 5-o-hydroxyphenyl-, 

formation from 3-acylbenzofurans, 56, 
123 

Pyrimidines, phenyl-, nitration, 58, 253-5 
Pyrimidine, tetrachloro- 
fluorination, 59, 2 
synthesis, 58, 302, 303 
Pyrimidine, 1,4,5,6-tetrahydro-l-tosyl-, 
lithiation and ring-opening, 56, 272 
Pyrimidine, 2,4,6-triacetoxy-1,3,5-trinitro- 
4-phenylhexahydro-, 58, 253 
Pyrimidine, 2,4,6-trichloro-, fluorination, 
59, 2 

Pyrimidine, 2,4,6-trichloro-5-fluoro-, 

59, 22 

Pyrimidine, 2,4,5-trichloro-6-methyl-, 
fluorination, 59, 2 

Pyrimidine, 2,5.6-trifluoro-4-hydroxy-, 
rearrangement in DMSO, 59, 27 
Pyrimidine-2,4(lW,3W)-diones, see Uracils 
Pyrimidine-2-thiones, synthesis from 4- 
amino-1-azabuta-l,3-dienes, 57, 11 
Pyrimidine-2-thiones, 3,4-dihydro-, 57, 68 
Pyrimidine-4-thiones, 1,2-dihydro-, 
synthesis, 57, 58 

Pyrimidine-2,4,6-trione, 2,5-dimethyl-, 
fluorination, 59, 4 



INDEX 


425 


Pyrimidine-2,4,6-triones (barbituric acids; 
represented as 6-hydroxyuracils), 
synthetic uses, 55, 174 
see also Barbituric acids 
Pyrimidinones, fluorinated, ring synthesis, 
59, 16 

Pyrimidin-2-ones, synthesis from 4-amino- 

1- azabuta- 1,3-dienes, 57, 10 
Pyrimidin-2-ones, 3,4-dihydro-, 57, 68 
Pyrimidin-2- and 4-ones, bromination. 58, 

307 

Pyrimidin-2- and 4-ones, phenyl-, nitration, 
58, 255 

Pyrimidin-4-ones 

formation by ring transformation of 
uracils, 55, 213 

synthesis from 4-dimethylamino-l,3- 
diazabuta-1,3-dienes, 57, 67 
Pyrimidin-4-one, 2-amino-3-hydroxy-6- 
phenyk 56, 79 

Pyrimidine-5-acetates, formation from 
aziridines, 57, 63 

Pyrimidine-4-acetates, 5-benzamido-2- 
dialkylamino-6-ethoxy-, 56, 130 
Pyrimidine-2-acetonitri)e 1-oxides, 56, 80 
Pyrimidine-2-carbamidines, cyclization to 
[ 1,2,4]triazolo[ 1,5-a]pyrimidines, 

57, 99 

Pyrimidine-2-carbamidoximes, cyclization 
to [ 1,2,4]triazolo[ 1,5-o]pyrimidines, 

57, 99 

Pyrimidine-2-carboxylic esters, synthesis 
from 4-amino-1 -azabuta-1,3-dienes, 

57, 22 

Pyrimidine-2-carboxylic ester, 1,2-dihydro- 

2- methoxycarbonylmethyl-, 57, 28 
Pyrimidine-2,3-dicarboximide, A/-phenyk 

57, 14 

Pyrimidine-4,5-dicarboxylate. 2- 
methylthio-, 57, 68 

Pyrimidinium salts, 1,2-dihydro-, reaction 
with 1,2-diamines, 56, 8 
A'-(5-Pyrimidinyl)-amidines. rearrangement 
to imidazoles, 56, 142 
Pyrimido[l ,2-u]benzimidazole*, 7,8- 
dimethyI-2,4-diphenyk 60, 249-50 
Pyrimido[4,5-6][ 1,5]benzothiazepine-2.4- 
dione, 5,6-dihydro-1.3-dimethyl-, 55, 
204 

Pyrimido[4,5-6][l,5]benzothiazepine-2,4- 
dione, 1,3-dimethyl-, 55, 192 


Pyrimido[5,4-r][ 1,5]benzothiazepine-2.4- 
diones*, 5,6-dihydro-, 55, 202 
Pyrimido[4,5-6][ 1,4]benzothiazine-2,4- 
dione, 1,3-dimethyl-. 55, 192, 202 
Pyrimido[4,5-6|[ 1,4]benzothiazine-2,4- 
diones*, 55, 201 

Pyrimido[5,4-6][ 1,4]benzothiazine-2,4- 
diones, 55, 202 

Pyrimido(4,3-6]benzothiazole-1,3-diones*, 

4- nitro-. 55, 202 

Pyrimido[4,5-c]cinnoline-1.3-dione, 7,8,10- 
trifluoro-9-hydroxy-, 55, 207 
Pyrimido[4,5-e][l,4Jdiazepine-2,4-dione*. 

5- amino-7,8-dihydro-1,3-diphenyl-, 55, 
208 

7//-Pyrimido[4,5-e][ 1,4]diazepine-2,4- 
dione, 8,9-dihydro-1,3-dimethyl-, 55, 
192 

Pyrimido[4,5-e][l,4Jdiazepine-2,4-diones*, 
8,9-dihydro-1.3-dimethyl-, 55, 192 
Pyrimido[4,5-c][ 1,2]diazepine-6,8-diones, 
1-methyl-. 55, 182 

Pyrimido[ 1,6-a]indole-3-carboxylate*, 5- 
methyl-, 57, 46 

Pyrimido[4,5-6]indole-2,4-diones, 55, 176, 

199 

Pyrimido[5,4-6]indole-2,4-diones, 55, 199 
Pyrimido[4,5-6]indole-2,4-diones, 6- 
hydroxy-, 55, 200 

Pyrimido[6,1 -a]isoquinolin-2-imines. 6,7- 
dihydro-, 57, 10 

l//-Pyrimido[4,5-c][ 1,2]oxazin-7(6//)-ones, 
55, 208 

Pyrimido[4,5-g]pteridine-2,4,7,9-tetrone, 

1.3.6.8- tetramethyl-, synth, 55, 150 
Pyrimido[5,4-g]pteridine-2,4,6,8-tetrone 5- 

oxide, 1,3,7,9-tetramethyl-, 55, 168, 

200 

Pyrimido[5,4-g]pteridine-2,4,6,8-tetrone, 

1.3.7.9- tetramethyl-, 55, 186 
Pyrimido[4' ,5': 3,4]py razolo[5,1 -r] [ 1,2,4]- 

triazines*, 59, 155 

Pyrimido[4,5-c]pyridazine-5,7-diones, 3- 
aryl-6,8-dimethyl-, 55, 176 
Pyrimido[4,5-c]pyridazine-5,7-diones, 1,6- 
dialkyl- (4-deazatoxoflavins), 
syntheses, 55, 182 

Pyrimido[4,5-r]pyridazin-5-one, 3-chloro-, 
reaction with POCl,/PhNMe,, 59, 337 
Pyrimido[5,4-c]pyridazine-6,8(2//,7//)- 
diones, 2-aryl-, 55, 189 
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Py rimido[5,4-c]py ridazin-8(2 H )-ones, 
halogenation. 59, 337 
Pyrimido[4,5-rf]pyridazines, 2-aryl-5,8- 
dichloro-, 59, 337 

Pyrimido[4,5-rflpy ridazine-2,4-diones, 7,8- 
dihydro-1,3-dimethyl-, 55, 187 
Pyrimido[ 1,6-a]pyrimidine-6,8-dione, 
1,2,3,4-tetrahydro-, 55, 210 
Pyrimido[4,5- and 5,4-</]pyrimidines, halo- 
and polyhalo-derivs from -ones, 59, 
338 

Pyrimido[4,5-rf]pyrimidine-2.4-diones 
formation by ring transformation of 
uracils, 55, 216 

syntheses using perchloro-imines and 
perchloroethyl isocyanate, 55, 165 
synthesis, 55, 162, 163 
Pyrimido[4,5-rf]pyrimidine-2,4-dione, 1,3- 
dimethy 1-5,6-dipheny 1-7(6// )- 
phenylimino-, 55, 159 
Pyrimido|4,5-</]pyrimidine-2,4,5,7-tetrones, 
synthesis, 55, 163 

Pyrimido[4,5-t/]pyrimidine-2,4,5-triones, 7- 
amino-, 7-ethoxy-, synthesis, 55, 163 
Pyrimido[5,4-tf]pyrimidine-2,4-diones. 6- 
aryl-1,3-dimethyl-, formation by 
rearrangement, 55, 187 
Pyrimidol5,4-</]pyrimidine-2,4-diones, 7,8- 
dihydro-1,3-dimethyl-, 55, 187 
Pyrimido[4,5-c]pyrrolo[ 1,2-a]quinoline-1,3- 
dione, 2,4-dimethyl-, 55, 226 
Py rimido[2,3-6]quinoline-2,4(3//, I OH )- 
diones, 55, 192, 203, 205 
Pyrimido[2,3-/>]quinoline-2,4(3//, 1 OH)- 
diones. 5-trifluoromethyl-, 55, 203 
Pyrimido[5,4-c]quinolizine-2,4-diones, 55, 
192 

Pyrimido[4' ,5 '-2,3]quino[6,7-/?]pteridine- 
2,4,8,10-tetrones, 12,14-dialkyl-4,9- 
dimethyl-, 55, 207 

Pyrimido[4,5-6]quinoxaline-2,4-diones, see 
Alloxazines 

Pyrimido[4,5-e][l,2,4]thiadiazine-6,8-dione 
1,1-dioxides, 55, 165 
Pyrimido[4,5-e][ 1,3,4]thiadiazine-5,7- 
diones, 55, 180 

Pyrimido[4,5-rfl[2,1,3]thiadiazine 2,2- 
dioxides, synthesis, 55, 163 
Pyrimido[4,5-6][l,4]thiazines, 55, 202 
Pyrimido[4,5-6)[l,4|thiazine-2,4,6-triones, 
55, 172 


Pyrimido[5 A-b\[ 1,4]thiazine-2,4,7-triones, 
55, 165 

Pyrimido[4,5-6][ 1,4]thiazine[2,4-]diones, 
l,3-dimethyl-6-aryl-, 55, 172 
Pyrimido[4,5-</J-l,2,3-triazine-5,7-dione. 

6,8-dimethyl-, 55, 182 
Pyrimido[4,5-d]-l,2,3-triazine-5,7-dione 3- 
oxides, 55, 189 

Py rimido[4,5-c]-1,2,4-triazine-5,7( 1 HAH )- 
diones, 55, 180 

Pyrimido[4,5-c]-l ,2,4-triazine-5,7-diones, 
1,2,3,4-tetrahydro-, 55, 180 
Pyrimido[4,5-c]-l,2,4-triazine-3,5,7-triones, 
55, 180 

Pyrimido[4,5-e]-l,2,4-triazine-6,8-diones, 
55, 169 

Pyrimido[4,5-e]-l,2,4-triazine-3,6,8-triones, 
2-aryl-5,7-dimethyl-, 55, 169 
Pyrimido[5 ,4-e]-1 ,2,4-triazine-5,7-diones, 

55, 169 

Pyrimidyne, generation, 56, 275 
5W-2-Pyrindines, 6,7-dihydro-, 57, 43 
2-Pyrindine, tetrahydro- deriv, formation 
by photo-rearrangement, 60, 302 
2-Pyrindin-7-one, 5,6-dihydro-3-methyl-l- 
propyl-, 57, 22 
Pyrones, see Pyranones 
Pyrrolate betaines, and precursors, 60, 205 
Pyrroles 

bromination, 57, 330 
chlorination, 57, 324 
fluorination, 57, 333 
iodination, 57, 332 

reaction with l,4-bis(dimethylamino)-2- 
azabuta-1.3-dienes. 57, 46 
reaction with nitrilimines, 56, 125 
side-chain bromination, 57, 331 
Pyrrole 

aromaticity estimates, 56, 311, 316, 342, 
363-7 

electronic structure calculations, 56, 387 
radical trifluoromethylation, 60, 10 
reactions of Os-r) 2 -coordinated species, 
58, 146 

Pyrrole /3-carbanions, generation, scope, 

56, 170 

Pyrrole (cation), antiatomaticity estimate, 
56, 347 

Pyrroles, TV-protected, lithiation, 56, 164 
Pyrroles, 1-substituted, synthesis through 
Zr intermediates, 57, 6 
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Pyrrole, 1-acetyl, reactivity towards NCS, 

57, 328 

Pyrrole, 3-acetyl-, bromination, 57, 331 
Pyrroles, 3-acyl- 

synthesis from /3-amino-a-propargyl-a/3- 
unsaturated imines, 57, 3 
Wolff-Kishner reduction, 56, 124 
Pyrroles, 1-alkyl-, trifluoromethylation, 

60, 10 

Pyrrole, 3-(a-aminoallyl-1-ethoxycarbonyl-. 
cycloaddition to nitrile oxide, 60, 
286-8 

Pyrrole, 3-benzoyl-, chlorination, 57, 328 
Pyrrole, 1-benzyl- 
bromination, 57, 330, 331 
nitration, 58, 218 

Pyrroles, 3,4-bistrifluoromethyl-, 60, 45 
Pyrrole, 3-bromo-, synthesis, 57, 330 
Pyrrole, 2-bromo-, synthesis, 57, 330 
Pyrrole, 1-t-butoxycarbonyl-, cycloaddition 
to hexafluorobut-2-yne, 60, 45 
Pyrrole, l-(t-butoxycarbonyl)-2,3-dihydro- 
4-methoxy-*, lithiation, 56, 263 
Pyrrole, l-(t-butyliminomethyl)-2,3- 
dihydro-, lithiation, 56, 263 
Pyrrole, 1-chloro-, formation and 
rearrangement, 57, 324 
Pyrrole, 2-chloro-, synthesis, 57, 326 
Pyrrole, 3,4-dibromo-l-triisopropylsilyl-, 
sequential Br/Li exchange, 56, 171 
Pyrrole, 2,5-dilithio-l-t-butyloxycarbonyl-, 
56, 168 

Pyrrole, 2,5-dimethyl- 
Os-r) 2 -coordinated species 
basicity, 58, 134 
hydration, 58, 147 

Pyrroles, 2,5-diphenyl-, nitration, 58, 219 
Pyrrole, 1-methyl- 
bromination, 57, 330 
chlorination, 57, 328 
fluorination, 57, 333 
iodination, 57, 333 

Pyrrole, 2-methyl-5-phenyl-, nitrosation, 

58, 219, 220 

Pyrrole, 1-methyltetrakistrifluoromethyl-, 
60, 31 

Pyrrole, 3-nitro- 
bromination, 57, 331 
chlorination, 57, 328 
Pyrroles, 2-(2-oxazolinyl)- derivatives, 
lithiation, 56, 267 


Pyrroles, pentachloro-, anionotropic 
tautomerism, 57, 325 
Pyrroles, 2-perfluoroalkyl-, 60, 10, 11 
Pyrrole, 1-phenyl- 
bromination, 57, 330 
chlorination by NCS, 57, 326 
lithiation, 56, 191 
nitration, 58, 218 

Pyrrole, 1-phenyltetrakistrifluoromethyl-, 
60, 22 

Pyrrole. 2,3,4,5-tetraiodo-, 57, 332, 333 
Pyrrole, 2,3,4,5-tetramethyl- 
acidity constant of Fe-r) 5 -coordinated 
species, 58, 130 

Fe-7j'-coordinated species, alkylation, o-- 
coordination, 58, 145 

Pyrrole, 1 -(triisopropylsilyl-, bromination, 
57, 331 

Pyrrole, 1-triisopropylsilyl-, bromination 
and lithiation, 56, 171 
Pyrrole, 1,2,5-trimethyl-, iodination, 57, 

333 

Pyrrole, 1 -trimethylaminomethy 1-, 

azoniafulvene generation from, 59, 49 
Pyrroles, l-trimethylsilyl-2,3-dihydro-, 

57,4 

Pyrrole, 1-triphenylmethyl-, lithiation, 56, 
165 

3W-Pyrroles, 2-(/3-acylhydrazino)-4,5- 
dihydro-, 56, 139 

3W-Pyrroles, 4-amino-5-cyano-, synthesis 
from 2-azabuta-1,3-dienes, 57, 30 
2H-Pyrroles, 3,4-dihydro-, stereospecific 
synthesis, 57, 4 

Pyrrole-2-acetic ester, 3,5-dicarboxy-4- 
trifluoromethyl-, 60, 19 
Pyrrole-2-acetic ester, 3,5- 

di(ethoxycarbonyl)-, formation in 
rearrangement, 56, 75 
Pyrrole-2-carbaldehyde 
bromination, 57, 331 
condensation with but-3-en-2-one, 55, 
315 

Pyrrole-2-carbaldehyde, l-(lithiomethyl)-, 
amine adduct, 56, 165 
Pyrrole-2-carbaldehyde, 1-methyl- 
lithiation, 56, 165 
thallation and iodination, 57, 333 
Pyrrole-3-carbaldehyde, 4-iodo-, 57, 333 
Pyrrole-3-carbaldehyde, 1-methyl-, 
lithiation, 56, 164 
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Pyrrole-3-carboxamide, TV,TV-diethyl-1 - 
methyl-, lithiation, 56, 164 
Pyrrole-2-carboxylate, 3,4- 
bistrifluoromethyl-, 60, 36 
Pyrrole-3-carboxylates, l-(2-oxoalkyl)-, 56, 
131 

Pyrrole-2-carboxylic acid, Co chelate, 
nitration, 58, 142 

Pyrrole-2-carboxylic esters, from 4-amino- 
1-azabuta-1,3-dienes, 57, 7 
Pyrrole-2-carboxylic ester 
bromination, 57, 331 
chlorination, 57, 328 
Pyrrole-2-carboxylic ester, 1-phenyl-, 
chlorination, 57, 328 
Pyrrole-3-carboxylic esters, 4-amino-2- 
trifluoromethyl-, 60, 20 
Pyrrole-3-carboxylic ester, 4- 
trifluoromethyl-, 60, 19 
Pyrrole-3,4-dicarboxylate, 2,5- 
bistrifluoromethyl-, 60, 31 
Pyrrole-2,3,4-tricarboxylates, l-(o- 

methylaminophenyl-, rearrangement 
intermediate, 56, 138 
Pyrrolidines, synthesis by radical 
cyclization (review), 58, 1 
Pyrrolidines, perfluoro-, defluorination 
with rearrangement, 59, 7 
Pyrrolidine, TV-(3-alkoxyphenyl)-, 
lithiation, 56, 260 

Pyrrolidine, 1 -(t-butyliminomethyl)-, 
lithiation, 56, 263 

Pyrrolidine-2,4-diones, 3-diazo-, 57, 176 
Pyrrolidine-2,4-diones, 3,3-dibromo-, 
synthesis and reactions, 57, 176 
Pyrrolidine-2,4-diones, 3-oximino-, 
formation and reactions, 57, 173-5 
Pyrrolidine-2,4-diones, see also Tetramic 
acids 

Pyrrolidine, TV-(a-lithioformyl)-, 56, 259 
Pyrrolidine, TV-(a-lithiothioformyl)-, 56, 

259 

Pyrrolidine, 1-phenyl-, bromination, 
nitration, 58, 218 

Pyrrolidin-2-ones, chlorination with PC1 5 , 
57, 329 

Pyrrolidin-2-ones, 1-alkenyl-, by 

rearrangement of spiro-isoxazolines, 
60, 302 

Pyrrolidin-2-ones, 4-methylene, synthesis, 
ozonolysis, 57, 166 


Pyrrolin-2-ones, formation, 58, 181 
Pyrrol-l-ium ion, 1-methylene-, 

cycloaddition to hydrazones, 59, 49 
Pyrrolizidines, synth by radical 
cyclizations, 58, 22, 27 
Pyrrolizidine, 2-chloromethyl-, aminium 
radical cyclization forming, 58, 22 
Pyrrolizidin-3-ones, formation by amidyl 
radical cyclization, 58, 34 
Pyrrolo-isothiazoles, thioformylation, 55, 4 
Pyrrolo[l,2-a]azepin-7-one, and 5,6- 
dihydro- derivative, 55, 314 
Pyrrolo[3,4-h][ 1,5]benzodiazepin-1 (2 H )- 
ones, 3,9-dihydro-, 57, 164 
Pyrrolo[2,1 -c][ 1,2,4]benzotriazines, and 
-6,9-dione, 59, 46 

3//-Pyrrolo[ 1,2 -d\[ 1,4]diazepines, 4,5- 
dihydro-1,8-diphenyl-, 
formation, 56, 42 

protonation, resonance energy, 56, 12 
x-ray crystal structure, 56, 16 
Pyrrolo[l,2-c]imidazole-3-acrylic acid, 2- 
phenyl-, cycloaddition to nitrile 
oxides, 60, 292 

Pyrrolo[l ,2-a]imidazole, 6,7-dihydro-5- 
methyl-2,3-diphenyl-, 56, 134 
l//-Pyrrolo[l,2-a]imidazoles, bromination, 
59, 283 

Pyrrolo[3,4-d]imidazol-4-one, tetrahydro- 
l,2,2,3,5-pentakistrifluoromethyl-6- 
(trifluoromethylimino)-, 60, 47 
Pyrrolo[2,3-6]indoles, fused hexahydro-, 
57, 206 

Pyrrolo[3,4-6]indol-l(2//)-one, 3,4- 
dihydro-, 57, 169 

Pyrrolo[ 1,2-6]isoquinoline, 1,2,3,5,10,10a- 
hexahydro-, 58, 22 

Pyrrolo[ 1,2-£]isoquinolin-5(l//)-one\ 
2,3,10,10a-tetrahydro-, 58, 38 
2tf-Pyrrol-2-one*, generation, trapping in 
3-phase test, 58, 182 
2W-Pyrrol-2-ones, 3-acyl-4-amino-1,5- 
dihydro-, chemistry of, 57, 146-52 
2//-Pyrrol-2-ones, 3-acyl-1,5-dihydro-4- 
hydroxy- 
acidity, 57, 157 
chemistry of, 57, 152-66 
complexation, 57, 157 
photoaddition of cyclohexene, 57, 165 
reaction with amines, 57, 160-3 
tautomerism, 57, 157 
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2//-Pyrrol-2-one, 4-o-aminophenyl-l ,3- 
dihydro-1-phenethyl-, 56, 125 
2//-Pyrrol-2-one*, 3,4-dihydro- 
generation, lifetime, 58, 17 
three-phase test for, 58, 179 
2W-Pyrrol-2-ones, 1,5-dihydro-5-hydroxy-, 
diastereoselectivity of cycloaddition, 
60, 277 

2W-Pyrrol-2-one, 1,5-dihydro-4-hydroxy-3- 
(3-isoxazolyI-, 3-pyrazolyl-), 57, 160 
2W-Pyrrol-2-ones, 1,4-dihydro-4-hydroxy- 

1,5,5-trimethyl-, 57, 140 
2W-Pyrrol-2-ones, 1,5-dihydro-4-methoxy- 
1-methyl-, lithiation, 56, 264 
2/f-Pyrrol-2-one*, 4,5-diphenyl-, proposed 
intermediate, 58, 181 
2W-Pyrrol-2-one*, 5-ethoxy-3,4-dihydro-, 
58, 179 

2W-Pyrrol-2-ones, 3-bromo-l,4-dihydro-4- 
hydroxy-, 57, 176 

3W-Pyrrol-3-one*, generation, trapping in 

3- phase test, 58, 182 

Pyrrolo[3,2,l-4e]phenanthridinium (ion), 4- 
methyl-6-phenyl-, 55, 312 
Pyrrolo[l ,2-/]phenanthroline, calculated 
electron densities, 55, 276 
Pyrrolo[3,2,l-W]phenothiazine*, 2-(4,4- 
dimethyl-4,5-dihydrooxazol-2-yl-, 
lithiation, 56, 172 

Py rrolo[ 1' ,2' :4,5]pyrazino[ 1,2-hJpyridazine- 
5,10-dione, l-acyl-2-methyl-, 57, 

199 

3aW-Pyrrolo[ 1,2-h]pyrazol-3.5-dione* 
mesomeric betaine. 58, 190 
3aW-Pyrrolo[ 1,2-b]pyrazol-7-ium, 3,3a- 
dihydro-5-hydroxy-3-oxo-2,3a,4,6- 
tetraphenyl-, inner salt, 58, 190. 192 
Pyrrolo(3,4-c]pyrazol-4-ones, 5,6-dihydro-, 
57, 164 

Pyrrolo[ 1,2-h]pyridazine, 4-phenyl-, 
nitration. 58, 258 

Pyrrolo-pyridines, halogenation, 59, 

309-10 

Pyrrolo[2,3-6]pyridine, 2,3-dihydro-6-lithio- 

4- methyl-, 56, 246 

Pyrrolo[2,3-i>]pyridines, 2-phenyl- and 4- 
methyl-3-phenyl-, nitration, 58, 257 
Pyrrolo[3,4-i>]pyridin-5-ones*, 6,7-dihydro- 
4-hydroxy-6-methyl-, 57, 146 
Pyrrolo[3,4-f>]pyridine-2(lW),5-diones*, 
6,7-dihydro-6-methyl-, 57, 147 


Pyrrolo[3,2-clpyridin-4-one, 1 -methyl-, 
lithiation, 56, 172 
Pyrrolo[3,2-c]pyridines, I- 

benzenesulfonyl-, lithiation, 56, 177 
Pyrrolo[3,2-c]pyridines, 1 -methyl-, 
lithiation, 56, 246 

Pyrrolo[3,2-c]pyridines, 1-methyl-, 4- 
substituted, lithiation, 56, 172 
Pyrrolo[3,4-c]pyridine-7-carboxylates*. 

1.4.6- trioxo-, 55, 231, 232 
Pyrrolo[2,3-4]pyridine-5-carbonitrile. 7- 

ribofuranosyl-, bromination, 59, 319 
Pyrrolo[3',4':5,61pyrido[2,3-4]pyrimidine- 

2.4.6- triones, 7,8-dihydro-, 57, 149 
Pyrrolo[l,2-a)pyrimidines, 6,7,8.8a- 

tetrahydro-, and perhydro-, 57, 12 
Pyrrolo[l,2-c]pyrimidine-3-carboxylates, 
57,46 

Pyrrolo[3,2-c)pyrimidine-6-carboxylates, 

57,46 

Pyrrolot2,3-4]pyrimidine, 5-bromo-4- 
chloro-, selective halogen-metal 
exchange, 56, 180 

Pyrrolo[2,3-4]pyrimidine-2,4-diones, 55, 
171, 176, 200 

Pyrrolo[3,2-</]pyrimidine-6-carboxylates, 
2,4-dioxo-l,2,3,4-tetrahydro-, 55, 189 
Pyrrolo[3,2-rf]pyrimidine-2,4-diones, 55, 
171, 172, 189, 207 

Pyrrolo(3,2-4]pyrimidine-2,4-diones, 5-aryl- 
6-hydroxy-1,3-dimethyl-, 55, 187 
Pyrrolo[3,2-4]pyrimidine-2,4-diones, 1,3- 
dimethyl-, 55, 187 

Pyrrolo[3,2-</]pyrimidine-2,4-diones, 4- 
hydroxy-l,3-dimethyl-, 55, 187 
Pyrrolo[3,4-rf]pyrimidine-4,5-diones, 2- 
(benzoylmethylene)-l,2,6,7-tetrahydro- 
3-methyl-, 57, 151 

Pyrrolo[3,4-</]pyrimidine-2,4-diones, 55, 

232 

Pyrrolo[3,4-c/]pyrimidine-2,4-diones, 1,3- 
dimethyl-, 55, 187 

Pyrrolo[3,4-rf)pyrimidin-5-one, 6,7-dihydro- 
2,4,6,7,7-pentamethyl-, 57, 164 
Pyrrolo-pyrroles, topological charge 
stabilisation by aza-substitution, 56, 
348 

Pyrrolo[l,2-o]pyrrole anion, calculated 
electron densities, 55, 276 
Pyrrolo[3,4-g]quinazoline-2,4,6,8-tetrones, 

5-amino-5,5a,8a,9-tetrahydro-, 55, 232 
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Pyrrolo[l,2-a]quinazolinones, chlorination, 
59, 319 

Py rrolo[3,4-6]quinoline-1,8(5//)-diones, 
2,3,6,7-tetrahydro- 149 
Pyrrolo[3,2,l-i/]quinolinium (ion), 4- 
methyl-7-phenyl-, 55, 303 
Pyrrolo[2,1 ,5-de jquinolizinium (ion) 
carbon, nitrogen nmr, 55, 335 
charge transfer complexation, 55, 352 
electronic spectrum, 55, 328 
proton nmr, 55, 334 
structure, 55, 312 

l//-Pyrrolo[2,l,5-de]quinolizin-l-one, 55, 

311 

3tf-Py rrolo[2,1,5-de]quinolizin-3-one, 55, 

312 

Pyrrolo[ 1,2-a jquinoxaline, halogenation, 

59, 326 

Pyrrolo[l ,2-a]quinoxaline-2,3- 

dicarboxylate, 4,5-dihydro-5-methyl-4- 
oxo-, 56, 138 

Py rrolo[3,4-b]quinoxalin-1 -ones, 2,3- 
dihydro-, 57, 175 
Pyrrolo[2,l-i]thiazo)e, 6-phenyl-, 
bromination, 59, 283 
Pyrrolo[ 1,2-a]thieno[2,3-e]pyrazine*, 
bromination, 59, 329 
Pyrrolo[l,2-b][l,2,4]triazin-l-ium salt, 3- 
anisyl-1,2,6,7,8,8a-hexahydro-l, 1 - 
dimethyl-, 59, 46 

Pyrrolo[2,l-c][l,2,4]triazinium salt, 4,6,7,8- 
tetrahydro-l-methyl-3-phenyl-, 59, 46 
Pyrrolo[2,l-c][l,2,4]triazin-4(6Af)-ones, 
7,8-dihydro-, 59, 46 

Pyrrolo[ 1,2-d][ 1,2,4]triazines, 1-ones, and 
1,4-diones, 59, 47 
Py rrolo[3,2-e][ 1,2,4]triazin-6-ones, 

1,4,4a,5,7,7a-hexahydro-, 59, 50 
Pyrrolo[2,1-/][1,2,4]triazine-2,4-diones, 

59, 51 

Pyrrolo[2, l-/][ 1,2,4]triazine-5,6,7- 
tricarboxylic esters, 59, 51 
Pyrrolo[l ,2-a]-1,3,5-triazine-7- 

carboxylates*, 2,8-dihydro-, 57, 71 
Pyrrolo[ 1,2-c][1,2,3]triazoles, proposed 
rearrangement intermediates, 56, 65 
Pyrrol-3-yl sulfoxides, reaction with 
SOCl 2 , 57, 329 

2-Pyrrolylmagnesium bromide, 1-methyl-, 
use in cross-coupling, 56, 277 


2-Pyrrolylzinc chloride, 1-methyl-, use in 
cross-coupling, 56, 277 
Pyruvaldehyde, trifluoro-, heterocycles 
from, 59, 17 

Pyruvic acid, 3,3,3-trifluoro-, hydrate, use 
in trifluoromethyl heterocyclic 
synthesis, 59, 17 
Pyrylium (ions/salts) 

N-arylpyridinium salts from, 55, 294, 

295, 301 

conversion into thiopyrylium, 60, 107-9 
electronic spectra, 60, 68 
synthesis of pyridinium betaines from. 
60, 211 

two-electron reduction to anions, 60, 94 
UV spectra, 60, 73-5 
Pyrylium (ion/salt) 
aromaticity comparison with 
thiopyrylium, 56, 330 
pmr spectra, shifts and couplings, 60, 81 
Pyrylium ion, 4-p-dimethylaminophenyl- 
2,6-diphenyi/di-t-butyl-, 
electrochemical oxidation, 60, 95 
Pyrylium ion, 2,6-diphenyl-, addition of 
triphenylphosphine, 60, 156 
Pyrylium salts, 4-methoxy-, -methylthio-, 
reaction with sulfide, 60, 109 
Pyrylium ions, phenyl-, nitration, 58, 252 
Pyrylium ions*, triphenyl-, chlorination, 

58, 296 

Pyrylium-4-phosphonate, 2,6-diphenyl-, 60, 
157 


0 

Quantum chemical calculations, see 
Theoretical calculations 
Quantum mechanical resonance energy 
(QMRE), 56, 307, 320 
Quaternization 
of aza-aromatics, 60, 207 
of heterocyclic betaines, 60, 243-4 
Quinazolines, synth from 1-aryl-1,3- 
diazabuta-1,3-dienes, 57, 63 
Quinazoline, 4-chloro-2-phenyl-, nitration, 
58, 256 

Quinazoline-2,4-diones, from uracil 
enamine cycloadditions, 55, 232 
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Quinazoline-2,4-dione, reaction with 
phosphoryl chloride, 59, 304 
Quinazoline-2,4-diones, 1,3-dimethyl-, 
syntheses, 55, 189 
Quinazoline-2-thiones, 3,4,5,6,7,8- 
hexahydro-, 57, 68 

Quinazolino-fused piperazines, 57, 216 
Quinazolin-2-ones, 3,4,5.6,7,8-hexahydro-, 
57, 68 

Quinazolin-4-ones 
halogenation, 59, 303, 304 
synth from «-phenylimino-isocyanates, 
57, 63 , 64 

Quinazolin-4-ones, 2-acetamido-, formation 
in photorearrangement, 56, 84 
Quinazolin-4-ones, 2,3-diamino-, triazolo- 
quinazolines from, 57, 99 
Quindolines, see Indolo[2,3-f»]quinolines 
5W-Quino[2,l-fc]benzoxazolium salt, 10- 
chloro-5-oxo-, reaction with sodio- 
malonate, 55, 294 

Quinodimethanes, TRE calculations, 56, 
313 

Quinolines 

halogenation, 59, 286-94 
lithiation in benzene ring, 56, 243, 245 
lithiation in pyridine ring. 56, 241, 244 
perfluoroalkylation. in Ziegler-Zeisser 
reaction, 59, 10 

synthesis from 1 -aryl- 1-azabuta- 1,3- 
dienes, 57, 9 

synthesis from o-styrylcarbodiimides, 

57, 37 

Quinoline, deprotonation at C'-3, 56, 243 
Quinoline 1-oxides 
bromination, 59, 291 
chlorination, 59, 287 
Meisenheimer reactions, 59, 288 
Quinoline 1-oxide, reaction with tetramic 
acid, 57, 179 

Quinoline 1-oxide, 3-hydroxy-, iodination, 
59, 293 

Quinoline 1-oxide, 2-phenyl-, nitration, 58, 
251 

Quinolines, 2-aryl-5,6,7,8-tetrafluoro-, 

59, 15 

Quinoline, 2-benzamido-, formation in 
photorearrangement, 56, 83 
Quinoline, 1-t-butoxycarbony 1-1,2,3,4- 
tetrahydro-, lithiation, 56, 271 


Quinolines, 3.4-, 5,6- and 7.8-didehydro-, 
generation, 56, 275 

Quinolines, 4-diethylamino-, synthesis, 

57, 50 

Quinolines, fluoro-, syntheses, 59, 13 
Quinoline, heptachloro-, fluoride exchange 
in, 59, 2 

Quinoline, heptafluoro-, 59, 2 
Quinolines, hydroxy- 
bromination, 59, 290 
chlorination, 59, 287 
conversion into fluoroquinolines, 58, 325 
iodination, 59, 293 

Quinoline, 4-hydroxy-2-trifluoromethyl-, 
59, 16 

Quinolines, 2-iodo-, I/Li exchange, 56, 242 
Quinolines, methyl-, chlorination, 59, 288 
Quinoline, 2-methyl-*, fluorination, 59, 3 
Quinoline, perfluoro-, bromo- 
defluorination, 59, 293 
Quinolines, phenyl-, nitration, 58, 251 
Quinoline, 4-phenylsulfinyl-, PhSO/MgBr 
exchange, 56, 242 

Quinolines, trifluoromethyl-, 59, 15, 59, 16 
Quinoline-4-thione, 1-methyl-, lithiation, 

56, 253 

Quinoline-3-carboxylic esters, 2-amino-, 

57, 36 

Quinoline-2,3-dicarboxylates, 1,2,3,4- 
tetrahydro-, 57, 17 

Quinolinium ions/salts, bromination, 59, 
289 

Quinolinium ion/salt, reactivity indexes, 
55, 344 

Quinolinium (ion), 1,2-dimethyl-, reaction 
with tetramic acid, 57, 179 
Quinolinium (ion), 1-ethoxycarbonylmethyl- 
2-methyl-, in Westphal condensation, 
55, 284 

Quinolinium salt, 1-phenyl- and 1,2- 
diphenyl-, 55, 302 
Quinolin-2- and -4-ones, 

chlorodehydroxylation, 59, 287-8 
Quinolin-2-one, chlorination, 59, 287 
Quinolin-2-ones, 3-benzoylamino-, 

formation by rearrangement, 56, 132 
Quinolin-4-one, 1-methyl-, lithiation, 56, 
253 

Quinolin-4-one, 2-methyl-, chlorination, 

59, 288 






432 


INDEX 


Quinolizinium (ion/salt) 
bromination, 59, 330, 55, 342 
calculated electron densities, 55, 275, 

278 

nitrogen nmr, 55, 335 
nucleophilic additions, 55, 343 
proton nmr, 55, 332 
reactivity indexes, 55, 344 
syntheses, 55, 278 
Quinolizinium salts, substituted 
carbon nmr, 55, 335 
proton nmr, 55, 332 

Quinolizinium salts, bromo-, nucleophilic 
substitutions, 55, 343 
Quinolizinium (ion), 1-bromo-, 55, 281 
Quinolizinium (ion), 2-bromo-, 55, 280 
Quinolizinium (ion), 4-bromo-, 55, 281 
Quinolizinium (ion), 4-chIoro-, reaction 
with sodio-malonate, 55, 311 
Quinolizinium salts, hydroxy-, acidities, 

55, 347 

Quinolizinium (ion), 1-, 2-, 3-hydroxy-, 55, 
280 

Quinolizinium salt, 3-hydroxy-, 

condensation with Propynoic ester, 

55, 312 

Quinolizinium (ions), monomethyl- 
condensation reactions, 55, 348 
synthesis, 55, 280 
Quinolizinium (ion), 1-oxo-l,2,3,4- 

tetrahydro-, synthesis, uses, 55, 279 
Quino)izin-2- and -4-ones, bromination, 59, 
330 

Quinolizin-4-one, synthesis, reactions, 55, 
281 

Quinolizin-4-one, l,2,3,8,9,9a-hexahydro-, 
57, 20 

Quinolizin-4-one, l,2,3,8,9,9a-hexahydro- 
1,7-dimethyl-, 57, 19 

Quinolizino[3,4,5,6-de/]phenanthridinium 
(ion), 55, 303 

Quinolizino[3,4,5,6-de/]phenanthrolinium 
(ion), 2-phenyl- and 2,5-diphenyl-, 55, 
304 

Quinolizino[3,2-a]phenazinium salt, 7- 
phenyl-, 55, 299 

Quino[I,2-/]phenanthridinium (ion), 55, 

303 

Quino[2,l-6]quinazolinium (ion), 12- 
methyl-, 55, 290 


Quino[l,2-c]quinazolinium salt, 6-methyl-, 
55, 292 

Quino[8,1,2-cc(e]quinolizinium (ion/salt), 
55, 265 

Quino[8,1,2-cde]quinolizinium (ion/salt), 
and 4,5,9,10-tetrahydro analogues, 55, 
297 

Quinoxalines, halogenation, 59, 304 
Quinoxaline 1-oxides, Meisenheimer 
reactions, 59, 305 
Quinoxaline, 2-chloro-, attempted 
lithiation, 56, 249 
Quinoxaline, 1,4-ethano-l,2,3,4- 
tetrahydro-*, lithiation, 56, 272 
Quinoxalines, fluorinated, 59, 17 
Quinoxalines, 2-fluoro- and 2,3-difluoro-, 
59, 305 

Quinoxaline, 2-methoxy-, lithiation, 56, 
249 

Quinoxaline, 2-methyl-, chlorination, 59, 
304 

Quinoxaline, 2-methylthio-, lithiation, 56, 
249 

Quinoxaline, 2-phenyl-, nitration, 58, 256 
Quinoxaline-2,3-dione, 

chlorodehydroxylation, 59, 305 
Quinoxaline-2-carbonitrile*, 3-bromo- 
5,6,7,8-tetrahydro-, 57, 34 
Quinoxalino[2,3-c]cinnolines, hydrogen 
halide addition, 59, 338 
Quinoxalinones 

chlorodehydroxylation, 59, 305 
halogenation, 59, 304 


R 

Radical dimerization, of urazolyl-uracils, 
55, 230 
Radicals 

captodative stabilization by heterocyclyl 
groups, 60, 211 
cationic 

from N-alkylphenotellurazines, 58, 100 
from phenoxatellurin, 58, 99 
from 2-methoxy-2,4,6-triphenylthiopyran, 
60, 146 

from reduction of thiopyrylium ions, 60, 
88, 93, 137-9 
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intermediates in halogenation of 
phenothiazines, 59, 307-8 
nitrogen 

alkenylaminium cation-from 
chloramines, 58, 19 
alkenylaminium cation-from 
nitrosaamines, 58, 22 
amidyl-, generation from /V-halo- and 
-nitrosoamides, 58, 33 
amidyl-, generation from PTOC 
derivatives, 58, 37. 40 
aminium cation-, generation, 
reactivity, 58, 18. 30 
aminyl-from sulfenamides, 58, 17 
N-cyclobutyl-A'-propylaminyl, 58, 6, 14 
N-cyclopropyl-iV-propylaminyl, 58, 14 
from PTOC carbamates, 58, 11, 23 
iminyl-from sulfenylimides, 58, 18 
Lewis acid complexed, 58, 29 
nature of, 58, 2 

pyrrolidine formation from (review), 
58, 1 

structure of amidyl-, 58, 35 
Raney nickel desulfurization. 2-thio- 
[ 1,2,4]triazolo[ 1,5-o]pyrimidines, 57, 
125 

Reactivity indices, of aromatic nitrogen 
cations, 55, 342 
Rearrangements 
alkyl migration in 7-methoxy- 

[ 1,2,4]triazolo[ 1,5-a]pyrimidines, 57, 
111 

2- amino-3-ethoxycarbonylthiopyrylium 

ion to 3-cyano-2-pyridone, 60, 154 
anionic ort/io-Fries, in pyridine deriv, 

56, 231. 237 

3- aryltelluroacryloy! chloride, on 

cyclization, 58, 60 

2-azido-2-phenylindane-1,3-dione to aza- 
quinone, 58, 206 

azidotriazole to diazotetrazole, 56, 95 
Beckmann, in isoxazolone system, 

56, 71 

of 5-benzoyloxy-4-trifluoromethyl- 
oxazoles, 59, 16 

of 2-benzylpyrazolo[4,3-(/]pyrimidine- 
5,7-dione 1-oxides to pyrimido[5,4- 
£/]pyrimidines. 55, 187 
with carbon as pivotal atom, 56, 

122-43 


of allyloxy- and allylamino-uracils, 55, 

171 

of 7-allyloxy-[ 1,2,4]triazolo[ 1,5-al- 
pyrimidines, 57, 111 
of pentafluorophenyl propargyl ether, 
60, 28 

of perfluoroaryl propenyl and 

propargyl ethers on cyclization, 
59, 14 

condensation of 2-methyl-4,6- 

diphenylthiopyrylium with 3,5- 
diaryldithiolylium. 60, 131-3 
of coordinated ligands, 58, 126 
Cope 

degenerate, of 2,3-cyclopropa-fused 

2,3-dihydro-l,4-diazepinium salts, 

56, 39 

of 1,2-diaminocyclopropane bis-anils 
to dihydrodiazepines, 56, 10 

2.2- diazidoindane-l,3-dione to tetrazolo- 
isoquinolinedione, 58, 206 

2.3- diazidonaphthoquinone to 1,4- 
dioxoisoquinoline-3-carbonitrile, 58, 
206 

1.2- dihydro-2-(2-oxoalkylidene)pyrimidines 

to 3-acetyl-2-aminopyridines, 

57, II 

di-rr-methane, of 4//-thiopyrans and 
dioxides, 59, 226 
Dimroth 

of 5-cyanouracils, 55, 218 
of 6-benzamido-5-formy 1-1,3- 
dimethyluracil deriv, 55, 225 
of 5-carbamoyl and -thiocarbamoyl 
uracils, 55, 225 

[ 1,2.4]triazolo[ 1,5-a)py rimidine into 
1,2,4-triazolo[4,3-o]py rimidine, 
57,96 

1,2,4-triazolo[4,3-a]pyrimidines into 
[ 1,2,4]triazolo[ 1,5-a]py rimidines, 

57, 93-9 

of [1.2,3]triazolo[l,2,4]triazines. 59, 

125 

of [l,2,41triazolo-[l,2,4]triazines, 59, 
135, 59, 138, 143, 144 

1.3- ditellurolylium to 1,2-ditellurolylium 
salt, 58, 83 

Huisgen, of 2-hydrazonoyltetrazoles, 56, 

141 
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isogramine to gramine analogs on 
lithiation, 56, 175 
isoheterocyclic 

3- acetamido-5-methyl-1,2,4- 
oxadiazole, 56, 67 

4- aminofurazan-3-carboxamidoxime, 

56,60 

5- diazomethyl-l,2,3-triazole, 56, 97 

4-hydrazonoyl-1,2,4-triazolium salts, 

56, 139 

of l,2,4-thiadiazol-5-yl-amidines. 56, 
103 

2,6-lutidine ligand on Ta, 58, 130 
mononuclear heterocyclic, uraciI-5- 
formyihydrazone to pyrazoIe-4- 
carbonylurea, 55, 223 
mononuclear heterocyclic (review), 
56,49 

with nitrogen as pivotal atom, 56, 52-98 
of 2-benzimidazolyl 2-picolyl sulfoxide, 
60, 218 

3-(l,3,4-oxadiazol-2-yl)indazoles to 
triazino-indazoles, 59, 85 
2-( 1,3,4-oxadiazol-2-yl)indoles to 
triazolo-indolones, 59, 54 
of 6-phenylhydrazinouracil to 1 -phenyl- 
1, 2,4-triazoleacetamide, 55, 225 
o-phenyltellurobenzoyl chloride to 1- 
chloro-lTe(IV)-2,l-benzoxatelluro!e 
58, 61 

polytopa), of spiro-1,l'-bi(lTe(IV)-2,l- 
benzoxatellurole), 58, 65 
Pummerer 

of dihydrothiopyran 5-oxides, 59, 199 

in selenopyrans, 59, 200 
pyrazol-3-yl-l,3,4-oxadiazoles to 

pyrazolo[l,5-d][l,2,4]triazines, 59, 77 
reversible, thioureido-1,2,4-thiadiazolon 
to ureido-l,2,4-dithiazolium salt, 56 
119 

cr- to 7r-, of thiophene and pyridine 
ligands on Ru. 58, 128 
of six-membered heterocycles, 56, 142 
Smiles 

in fluoro-phenoxazine synthesis, 

59, 14 

forming pyrimido[4,5-6][l ,4]benzo- 
thiazine-2,4-dione, 1,3-djmethyl-, 
55, 192 

in pyrimido-[l ,4]benzothiazinedione 
formation, 55, 202 


Stevenson, thiophene to thiopyran, 59, 
204 

with sulfur as pivotal atom, 56, 98-122 
of 1,2,3,4-tetrahydro-l-(l,2,4-oxadiazol- 
3-ylmethyl/methylene)isoquinolines, 
kinetics, 56, 78, 94 
tetrazolyl nitrilimine to azido-1,2,4- 
triazole, 56, 98 

van Alphen-Huttel, of spiro-4,3'- 
dipyrazol-3-ones, 59, 79 
Reduction 

electrochemical, of 2,3-dihydro-l,4- 
diazepines, 56, 13 

of thiopyrylium salts and congeners, 60, 
137-9 

Reduction potentials, of azonia aromatic 
species, 55, 337 

Reformatsky reagent, reaction with 4- 
dimethylamino-1,3-diazabuta-1,3- 
dienes, 57, 67 

Reichardt’s dye, 60, 202, 229, 230 
Resolution, kinetic, of an isoxazoline ester 
by esterase, 60, 296 
Resonance energies 

of 2,3-dihydro-1,4-diazepinium salts and 
free bases, 56, 12 
empirical 

from tautomeric equilibrium 
constants, 56, 330 
from thermochemistry, 56, 329 
of hydrocarbons and heteroaromatics. 

55, 274 

Resorcinols, 4-nitro-, formation by ring 
transformation of uracils, 55, 214 
Retro-Diels-Alder fragmentation, uracil- 
cyclopentadiene adducts, 55, 137 
Reumycin, ring opening and recyclization, 
59, 102 

Reviews in heterocyclic chemistry (index 
to), 55, 31 

Rhenium complexes 
of 2,2'-bipyridines, reactivity, 58, 163 
pyrrole-T) 5 -, reactivity, 58, 143 
of thioaldehydes, 55, 13 
Rhenium dihydrido bis(triphenylphosphine) 
pyrrolyl complex, lithiation, 56, 169 
Rhodium complexes 
with selenoformaldehyde, 55, 19 
of tetramethylthiophene, 5-oxidation, 

58, 151 

of thiophene, 58, 148 
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Riboflavine, structure, function, 55, 134, 
135 

D-Ribose, 2-deoxy-, synthesis via nitrile 
oxides, 60, 300 
Ring contractions 
in 6-azapurine series, 59, 101-2 
of uracils to hydantoins. 55, 220 
Ring current effects, 56, 327 
Ring expansion, of uracils to 1,3- 
diazepinediones, 55, 196 
Ring transformations 
of five-membered heterocycles (review). 
56, 49 

of uracils, 55, 212 
Rocornal, vasodilator, 57, 127 
Rongalite, perfluoroalkylation using-and 
R F I, 59, 9 

Roothaan MO theory, application to 
azonia cations, 55, 270 
Rotation barriers 

in 2- and 4-azolylidene-dihydropyridine: 
60, 227 

of double bonds in vinylene-linked 
betaines, 60, 226 

Rubrolone (alkaloid), synthesis. 57, 22 
Ruthenium, reactions of coordinated 
ligands, 58, 128, 136 
Ruthenium complexes 
T) 6 , of indole, reactivity, 58, 143 
of benzo[b]thiophene, 58, 150 
of 2,2'-bipyridines, reactivity, 58, 162 
of thiophene, 58, 148, 150 


S 

Saccharin, sodium salt. A'-halogenation, 
59, 275 

Saframycin A, synthesis, 57, 226 
Saframycins A and B, synthesis, 57, 210 
Salicylaldehydes. 6-substituted, synthesis 
via lithiation, 56, 261 
Sandmeyer reactions, 57, 314, 340, 345, 
369, 373, 58, 280, 291 58, 304, 311, 
320, 59, 259. 265, 266. 267, 268, 269. 
270, 275, 279, 288. 292, 294, 298, 301, 
316, 318, 324, 335 

Schiemann reactions, see Balz-Schiemann 
Sedatives, furo[3,4-e]-l,2,4-triazines, 59, 
64, 65 

(±)-Sedridine (alkaloid), synthesis, 57, 19 


1,2.3-Selenadiazoles, base-induced ring 
cleavage, 56, 225 

1,2,5-Selenadiazole, 3-phenyl-, nitration, 

58, 244 

Selenanthrene, dipole moment. 58, 109 
Selenation, of aldehydes. 55, 17 
Selenazoles, halogenation, 57, 369 
Selenazole, 2-amino-5-bromo-4-methyl-, 

57, 369 

Selenazoles, 2-fluoro-, 57, 370 
Selenenamides, selenoaldehydes from, 

55, 16 

Selenepin-4,5-dicarboxylate. 2,7-di-t- 
butyl-, intermediate, 59, 219, 221, 60, 
160 

Seleninium ions, see Selenopyrylium 
Selenins, see Selenopyrans 
Selenium dioxide, reaction with 5-amino-6- 
methyluracils, 55, 189 
Selenium extrusion, from a selenepin, 59, 
219 

Selenium oxychloride, condensation with 
acetone, 60, 107 

Selenoaldehydes, generation, reactions, 

55, 14 

Selenocyanates, a-silyl-, fragmentation 
forming selenoaldehydes, 55, 15 
Selenolo[2,3- and 3,2-6][l]benzothiophenes, 
bromination, 59, 282 
1 //-Selenolo[2,3-c]pyrazoles*, 
bromination, 59, 283 

2//-Selenolo[3,2-c]pyrazoles, bromination, 

59, 283 

Selenolo[3,2-6]selenophenes, bromination, 
59, 282 

Selenolo[3,2-6]thiophenes, bromination, 

59, 282 

Selenonitroso compounds, formation, 55, 24 
Selenophenes, halogenation, 57, 334 
Selenophene, aromaticity estimates/ 
indices, 56, 342 

Selenophenes, 2-aroyl-, by oxidative ring 
contraction of selenopyrans, 59, 210 
Selenophene, 2- and 3-bromo-, 57, 334 
Selenophene, 2- and 3-chioro-, 57, 334 
Selenophene, tetrachloro-, dehalogenation 
by sodium telluride, 57, 334 
Selenopyrans 

developments in the chemistry of 
(review), 59, 179 
infrared spectra. 59, 235 
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Selenopyran 1-oxides, Pummerer reaction 
with, 59, 200 

2//-Selenopyrans, synthesis by Pummerer 
rearrangement, 59, 200 
2//-Selenopyrans, 3,6-dihydro-4,5- 
dimethyl-, synth, 55, 16 
4//-Selenopyrans 
addition of H 2 Se, 59, 223 
oxidation by permanganate, 60, 113 
synthesis from 1,5-dicarbonyl 
compounds, 59, 182 

synthesis from selenopyran-4-ones, 59,203 
4//-Selenopyran, 2,6-di-t-butyl-, lithiation, 
carboxylation, 59, 217 
Selenopyranones, formation from 
selenopyrans, 59, 209 
Selenopyran-4-ones 
reaction with organometallics, 60, 116 
reduction by hydride species, 60, 115 
4//-selenopyrans and selenopyrylium 
salts from, 59, 203 

Selenopyran-4-ylideneacetic ester, 2,6-di-t- 
butyl-, 60, 160 

4//-Selenopyran-3- and 3,5-di-carbonitriles, 
2,6-diamino-, isomerization to 
pyridine-2-selones, 59, 219 
4//-Selenopyran-3,5-dicarbonitriles, 2,6- 
diamino-, synthesis, 59, 186 
4//-Selenopyran-3,5-dicarbonitriles. 2,6- 
diamino-4-phenyl-, x-ray crystal 
structure, 59, 228 

4//-Selenopyran-4-phosphonate, 2,6- 
diphenyl-, 60, 157 

Selenopyrylium salts (review), 60, 65 
Selenopyrylium (ions/salts) 
electronic spectra, theoretical 
correlations. 60, 68 
formation by oxidation and/or 

disproportionation of selenopyrans, 

59, 207, 211 

formation from selenopyran-4-ones, 59, 
203 

reaction with organometallic reagents, 

60, 160 

reductions, reactions with nucleophiles, 
59, 196 

synthesis, 60, 102, 110 
two-electron reduction to anions, 60, 94 
UV spectra, 60, 74-5 
zinc reduction, 60, 138 


Selenopyrylium (ion), pmr spectra, shifts 
and couplings, 60, 81, 82 
Selenopyrylium salts, 2-amino-, synthesis, 

60, 104 

Selenopyrylium salts, 2- 

aminomethyleneamino-, 60, 105 
Selenopyrylium salts. 4-(/8-anilinovinyl)-, 
60, 130 

Selenopyrylium ion, 2,6-di-t-butyl-, 

reduction by aluminohydride, 60, 167 
Selenopyrylium ion, 4 -p- 

dimethylaminophenyl-2,6-diphenyl/di- 
t-butyl-, electrochemical oxidation, 
60,95 

Selenopyrylium ion, 2,6-diphenyl-, 
oxidative condensation with 
azlactone, 60, 164 

Selenopyrylium salts, 3-hydroxy-5-methyl-, 
60, 107 

Selenoxanthenes, octahydro- 
aromatization to 

octahydroselenoxanthylium salts, 

59, 207 

electrochemical oxidation, 60, 98 
formation, 59, 182, 196, 204 
Selenoxanthene, octahydro-9-phenyl-, in 
chicken feed, 59, 237 
Selenoxanthylium (ions), octahydro- 
electrochemical reduction, 60, 98 
isonitrosation, 60, 133 
reduction by complex hydrides, 60, 167 
Self-association, effect of on 

physicochemical properties of 
heterocyclic betaines, 60, 223, 229-33 
Sempervirine, synthesis, 55, 317, 319 
Sempervirine, tetradehydro-, 55, 319 
Serratamolide, synthesis, 57, 212 
Sila-heterocycles, bromination, 59, 336 
Silabenzenes, formation, stability, 56, 400 
Silabenzene 

aromaticity estimates, 56, 316, 342, 400-5 
calculations, 56, 401 
Silabenzene, l,4-di-t-butyl-2,6- 
bis(trimethylsilyl)-, 56, 400 
Silabenzene, 1,2-dihydro-1,1-dimethyl-, Li 
salt, structure, spectra, 56, 405 
Silabenzenes, 2-, 3- and 4-fluoro-, 
calculations, 56, 405 
Silabenzene, 1-methyl-, generation, 
trapping, 56, 400 
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Silacyclobutadiene, calculations, 56, 407 
Silacyclobutadiene, 2,3,4-tri-t-butyl-1 - 
mesityl-, formation, 56, 407 
Silacyclohexadienide anion, 1,1-dimethyl-, 
Li salt, structure, spectra, 56, 405 
l-Silacyclopenta-2,4-dienes, Na, K salts, 
formation, calculations, 56, 406 
Silacyclopentenylidene, calculations, 56, 
408 

Silacyclopropenyl cation, 56, 406 
Silacyclopropenylidene, calculations, 56, 
408 

Silanes, (heteroaryl)trimethyl-, carbanion 
generation and desilylation, 56, 276 
Silane, a-methylallyl-, diastereoselection 
of cycloadditions, 60, 282 
Silanes, a-oxyallyl-, diastereoselection of 
cycloadditions, 60, 280 
1-Silaphenyl cation, calculations, 56, 

403 

1,3-Silatelluranes, 1,1-dimethyl-, 58, 85 
Silet, calculations, 56, 407 
Silet, 2,3,4-tri-t-butyl-l-mesityl-, 
formation, 56, 407 

Silole anions, formation, calculations, 56, 
406 

Silver (I), complexes with an octahydro-3- 
thioxoimidazo[4,5-e][l,2,4]triazin-6- 
one, 59, 102 

Silylene (SiH 2 ), calculations, 56, 398 
a-Silylselenocyanates, fragmentation 
forming selenoaldehydes, 55, 15 
Skraup reaction, forming 1- 

phenylquinolinium salt. 55, 302 
Smiles rearrangements, see 
Rearrangements 

Solar cell elements, thiopyrylium, 
telluropyrylium salts, 60, 171 
Solvation, see Solvent effects 
Solvatochromism 
in quinolizine dyes, 55, 352 
of Reichardt's dye, 60, 202, 229 
Solvent effects 

on azonia aromatics electrochemistry, 
55, 337 

in carbazole lithiations, 56, 183 
on carbon nmr spectra of betaines, 60, 
228 

on charge transfer spectra of 
thiopyrylium ions, 60, 80 


on cycloaddition of nitrile oxides to 
olefins, 60, 269, 273 
on electronic spectra of betaines, 60, 
228-9 

on physicochemical properties of 
heterocyclic betaines, 60, 223 
on pseudobase formation from 
triphenylthiopyrylium, 60, 145 
in pyridine metalation, 56, 228 
in radical generation from PTOC 
carbamates, 58, 23 

on UV spectra of thiopyrylium ions and 
congeners, 60, 76 
Sparsomycin, structure, 55, 133 
Spectra, see the various types of spectrum 
(electronic, infrared, etc.) 

Spiro intermediates, in furan-to-pyrazole 
rearrangements, 56, 123 
Spiro[benzothiazoline-2,2'-thiopyran], 3- 
methyl-4',6'-diphenyl-, equilibrium 
with merocyanine, 60, 152 
Spiro-1,1 ’-bi(2V lv -2,1 -benzoxatellurole), 
synth, polytopal rearrangement, 58, 65 
2,2'-Spirobithiopyran, 3,5,3',5'-tetraaryl-, 
proposed intermediate in 
thiopyranylidene rearrangements, 60, 
131-3 

Spiro-isoxazolines, formation, 57, 362 
Sporidesmin, mould metabolite, 57, 270 
Sporidesmin A, synthesis, 57, 224 
Stability constants, of methyl-substituted 
2,3-dihydro-1,4-diazepines, 56, 14 
Stabilizers, photographic, [l,2,4]triazolo- 
[1,5- a]pyrimidines, 57, 127 
Stains, fluorescent, thiopyrylium salts, 60, 
172 

Stannabenzene, aromaticity estimates/ 
indices, 56, 342, 403 
Stannacyclopentenylidene, calculations, 

56, 408 

Stannacyclopropenylidene, calculations, 

56, 408 

Stannanes, (heteroaryl)trimethyl-, 
synthetic reactions involving 
destannylation, 56, 276-7 
1-Stannaphenyl cation, calculations, 56, 

403 

Stannole, 1 ,l-dimethyl-2,3,4,5- 

tetraphenyl-, action of halogens, 57, 
335 
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Stannylene (SnH 2 ), calculations, 56, 398 
Stereofacial selectivity, cycloadditions of 
chiral 2-azabutadienes to 
azodicarboxylates, 57, 56 
Steric crowding, in naphthalene deriv, 55, 
313 

Steric demand, of trifluoromethyl group, 
60, 3 

Steric effects 
in cycloadditions, 60, 272 
in polymethyl 2,3-dihydro-l ,4- 
diazepines, 56, 14 
on rearrangement of 3-acylindole 
phenylhydrazones, 56, 125 
Steroid analogs, isoxazolines, 60, 297 
Steroid systems, 9,12,16-triaza-, synthesis, 
57, 179 
Stibabenzene 

aromaticity estimates/indices, 56, 328, 
342, 358 

dimerization, 56, 359 

Stibole, aromaticity estimates/indices, 56, 
342 

Stilbazoles, 2'-halo-, benzo-fused, 
cyclization, 55, 284, 290, 292, 294 
Stracoralyne, synthesis, 55, 286 
Strain effects, in cycloadditions, 60, 272 
Strain energy, in three-membered 
heterocycles, 56, 372 
Streptolydigin, 57, 140 
Streptonigrone (mould metabolite), 
synthesis, 57, 17 

Structural criteria of aromaticity, 56, 

317 

Structure-activity relations 
biological activity of pyrazolo(5,l-c]- 
[ 1,2,4]triazines, 59, 76 
biological activity of 1,2,4-triazino- 
[6,5-b]indoles, 59, 61 
Styrene, pentafluoro-, hydroformylation, 
59, 15 

Substituent constants 
for 1-imidazolyl group, 57, 350 
for triphenylpyridinio group, 60, 242 
Substituent effects 
in five-membered heterocycle 
rearrangements, 56, 85 
on regioselectivity of nitrile oxide 
cycloaddition, 60, 273-7 
Substitution, nucleophilic, in polyfluoro 
aza-aromatics, 59, 19 


Succinimide, IV-chloro-, reaction with 
pyrroles, 57, 326 

Succinimides, N-substituted, conversion 
into chloropyrroles, 57, 329 
Sulfenamides 

nitrogen radicals from, 58, 17, 41 
thioaldehydes from, 55, 8 
Sulfenamides, 5-amino-, thionitroso 
compounds from, 55, 21 
Sulfene 

addition to a l,2,4-thiadiazol-5-imine, 56, 
108 

cycloaddition to 1,3-diazabuta-1,3- 
dienes, 57, 67 

Sulfenylimines, nitrogen radicals from, 

58, 18 

Sulfinylhydrazines, reduction to 
thionitrosoamines, 55, 20 
Sulfonation 

of 1,2-diphenylpyrazolinedione, 58, 

233 

of 5-phenylthiazolo[3,2-4]tetrazole, 58, 
248 

of 9-phenylacridine*, 58, 251 
of 1-phenylpyridinium ion, 58, 250 
Sulfonium salts, diaryl-trifluoromethyl-, 
use, 60, 13 

Sulfoxide, 2-benzimidazolyl 2-picolyl, 
rearrangement forming betaine, 60, 

218 

Sulfoxide, methyl pentafluorophenylmethyl-, 
cyclization by base, 59, 14 
Sulfoxide, prop-l-enyl 2-pyridyl-, 
lithiation, 56, 241 

Sulfur, as pivotal atom in rearrangements, 
56, 98-122 
Sulfur extrusion 

by H 2 0 2 /Ac 0H, in fused quinolizinium 
salt synthesis, 55, 283, 291, 293, 

301 

from 1,2,6-thiadiazines, 57, 3 
from thiophene-Rh complex with 
Fe 3 (CO)| 2 , 58, 153 
see also Desulfurisation 
Sulfur dichloride reaction with 

1- azabuta-1,3-dienes, 57, 3, 5, 13 

2- azabuta-l,3-dienes, 57, 30 
/3-aminocrotonic ester, 55, 9 

Sulfur diimides, N-fluoroaryl-N'- 
trimethylsilyl-*, F"-catalyzed 
cyclization, 59, 13 
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Sulfur dioxide, extrusion 

from l,3-dihydro-2,l-benzisothiazole 
2,2-dioxides, 57, 17 
from 2,5-dimethylthiophene dioxide- 
Co complex, 58, 153 
photochemical, from thiopyran 
dioxides, 59, 226 

Sulfur imines, thionitroso eliminations 
from, 55, 22 

Sulfur tetrafluoride 

conversion of furancarboxylic acids into 
trifluoromethylfurans by, 57, 309 
for introduction of trifluoromethyl 
groups, 59, 10 

Sulfuranes, bridgehead S(IV) 

intermediates in rearrangements. 56, 
98-116 

Sulfuryl chloride, chlorination of pyrroles 
by, 57, 325 

Sultams, camphor-derived, /V-fluoro-. use, 
59, 29 

Superoxide ion, reaction with thymines, 
55, 229 

Swamping catalyst effect, 58, 272, 284, 59, 
286 

Sydnones. 3-aryl-, halogenation. 57, 370 

Sydnones, 4-halo-, pyrazoles from. 57, 340 

Sydnone. A'-phenyl-, cycloadditions to 
perfluoro-allene and -propyne. 59, 12 

Sydnones, 3-phenyl-, 3-methyl-4-phenyl-, 
nitration, 58, 246 

Synthesis of heterocycles from azadienes 
(review), 57, 1 


T 

Tantalum complexes, of pyridines, 58, 130, 
161 

Tautomerisation, by 1,5-H shifts, 55, 232-6 
Tautomerism 

in aromaticity estimates, 56, 330 
3,4-dihydro-4-oxo-2//-thiopyran-3- 
carboxylic ester, and oxide and 
dioxide, 59, 202, 230 
halogenotropic, of pentachloropyrroles, 
57, 325 
prototropic 

of acyltetramic acids, nmr study, 57, 
157 


[ 1,2,4]triazolo{ 1,5-a]pyrimidin-7-one, 
5-methyl-, 57, 107 
ring-chain 

of azido-/telrazolo-l.2,4-triazines, 59, 
149-53 

[l,2,4]triazolo[l,5-a]pyrimidine 1- 
oxides. 57, 108 

of [ 1,2,4]triazino[4,3-u]benzimidazol-3- 
ones, 59, 107 

of uracil by spectroscopy, 55, 131 
of uracil by x-ray, 55, 130 
of uracil enamino-imine. 55, 159 
valence, of (V-methyl-N- 
(pentafluoropropen-2-yl)- 
trifluoroacetamide, 60, 31 
Tegafur, structure, 55, 133 
Telluranes. <r and ir, bonding in. 58, 49 
Tellurane, bisdimethylaluminyl-, telluration 
of aldehydes by. 55, 19 
Telluranthrene 
dipole moment, 58, 109 
halogenation, 58, 97 
Telluranthrenes, synthesis, 58, 94 
Telluranthrene, octafluoro-, 58, 96 
Telluranthrene tetrahalides, 58, 96, 98 
1,4-Telluraphosphorin 4-oxides, 2,6- 
dialkyl-4-aryl/cyclohexyl-, 58, 89 
Telluration reactions. 55, 19 
Tellurinium ions, see Telluropyrylium 
Tellurins, see Telluropyrans 
Tellurinylidene-tellurins, see 
Bitelluropyranylidenes 
Tellurium extrusion 

from dibenzo[f>/][l,4]tellurazepine, 58, 

112 

from phenoxatellurins, 58, 105 
Tellurium heterocycles, chronology of 
discovery, 58, 48 

Tellurium heterocycles containing two 
heteroatoms (review), 58, 47 
Tellurium, tetrachloro-[(3-al!yl-4,5-dihydro- 
2-methyloxazolium-5-yi)methyl]-, 58, 86 
Tellurium, trichloro-(l-methyl-l-oxo-3- 
phenylprop-l-enyl-C.O)-, 58, 86 
Tellurochromones, formation, 58, 62 
Tellurophene 

aromaticity estimates/indices, 56, 342 
halogenation, 57, 335 
Telluropyrans 

developments in the chemistry of 
(review), 59, 179 
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electronic spectra, 59, 230, 234 
formation from telluropyran-4-ones, 59, 
203 

formation from telluropyrylium salts, 59, 
197 

NMR spectra, 59, 230-3 
Te-I25 NMR spectra, 59, 230 
Telluropyran-4-ones 
reaction with organometallics, 60, 116 
reduction by hydride species, 60, 115 
Telluropyran-4-one, 2,6-diphenyl-. O- 
ethylation, 60, 114 

4//-Telluropyran-4-one, 2,6-diphenyl- and 
-di-t-buty!-, reduction, 59, 203 
Telluropyranyl radicals, formation, 
dimerization, 59, 197 
Telluropyrylio-cyanine dyes, formation, 

60, 127-9 

Telluropyrylium salts (review), 60, 65 
Telluropyrylium (ions/salts) 
formation from 4//-telluropyrans, 59, 208 
pmr spectra, 60, 82-3 
reductions, reactions with nucleophiles, 
59, 197 

two-electron reduction to anions, 60, 94 
UV spectra, 60, 74-5 
Telluropyrylium ions, 2,6-di-t-butyl-, and 
4-methyl homolog, reduction and 
dimerization, 60, 94 
Telluropyrylium ion, 4-p- 

dimethylaminophenyl-, pmr spectrum, 
60, 82 

Telluropyrylium ion, 4-p- 

dimethylaminophenyl-2,6-diphenyl/di- 

t-butyl- 

electrochemical oxidation, 60, 95 
halogen addition, 60, 140 
Telluropyrylium ion, 2,6-diphenyl- 
condensation with enamines, 60, 164 
formation, 60, 111 
oxidative dimerization, 60, 140 
Telluropyrylium ion, 4-ethoxy-2,6- 
diphenyl- 

dealkylation by diethylamine, 60, 135 
formation, 60, 114 

reaction with Meldrum’s acid, 60, 162 
Telluropyrylium ion, 4-methyl-2,6- 
diphenyl-, 60, 120 
Telluropyrylium ion, 4-methyl-2,6- 
diphenyl-, condensation with 
malondialdehyde analogs. 60, 127 


Telluroxanthene, 10,10-dichloro-, 58,91 
Telluroxanthen-10-imine, N-p- tolyl-. 58, 

112 

Telluroxanthylium salt, reaction with azide 
ion, 58, 113 

Telluroxide hydrates, cyclic, 58, 87 
Temperature, role of in metalations, 56, 

160 

Template effects, in diazasiline reactions, 
57, 25 

Tenellin (fungal biochrome), synthesis, 

57, 49 

Tenuazonic acid, 57, 140 
Terbacil, structure, 55, 134 
Tetraarsaacyclobutadiene, see Tetrarset 
2,2a,4,5-Tetraazabenz[c</]azulenes, and 

3.4- dihydro- derivs, 59, 79 

2.3.6.7- Tetraazafulvalene tetroxide, 
tetraphenyl-, 58, 193 

1,3,6,9b-Tetraazaphenalene, bromination, 
59, 339 

2H-2 ,4,4b ,9-Tet raazaphenant hrene-1,3- 
diones, 55, 192 
2,3a,5,6a-Tetraaza-l,3,4,6- 

tetraborapentalene, hexamethyl-, 56, 
349 

2.4.6.8- Tetraazatricyclo[5.2.2.0 26 ]undecane- 
3,5,9-triones*, 59, 126 

Tetracene, see Naphthacene 
Tetrachalcogenafulvalenes, oxidation 
potentials, 58, 80 
Tetracyanoethylene (TCNE) 
condensation with methyl thiopyrylium 
ions, 60, 132 

cycloaddition to perfluoroalkyl azines, 

60, 33 

cycloadditions to aza-dienes, 57, 49, 

56, 59 

Tetracyclic benzenoid azonia systems, 55, 
264 

Tetracyclo[7.3.1.0 2 - 6 .0 8l2 )tridec-10-ene, 12- 
(dimethyloxazolinyD-8-methoxymethyl- 

1.5- dimethyl-, lithiation, 56, 267 
Tetrahedrane, calculations, 56, 357 
Tetramamides, acyl, 57, 143, 146-52 
Tetramic acids 

O-acylation, 57, 154, 170 
advances in chemistry of (review), 57, 

139 

amination by HOS, 57, 173 
nitration, 57, 172 
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nitrosation. 57, 173 

reactions with 1,2-dimethylquinolinium 
ion, 57, 179 

synthetic strategies for, 57, 141-6 
Tetramic acids, 2-acyl-, see Pyrrol-2-ones, 
3-acyl-1,4-dihydro-4-hydroxy- 
Tetramic acids, see also Pyrrol-2-ones, 

1,5-dihydro-4-hydroxy- 
Tetraphosphacyclobutadiene, see 
Tetraphosphet 

Tetraphosphet, calculations. 56, 394 
Tetrarset, calculations, 56, 394 
Tetrasilacyclobutadiene, see Tetrasilet 
Tetrasilatetrahedrane, calculations. 56, 413 
Tetrasilet, aromaticity estimates. 

calculations, 56, 320, 412 
Tetrasulfur tetranitride, reaction with 
perfluoroalkynes. 59, 12, 60, 37 
Tetratellurafulvalenes 
electrochemical properties, 58, 80 
synthesis, 58, 78 

5,6,11.12-Tetratelluranaphthacene, 58, 80 
I, I ',3,3'-TetrateIlura-2-(pentalen-2- 
ylidenelpentalenes, 58, 79 
Tetrathiafulvalenes*, bromination and 
lithiation, 57, 374 

1.4.5.8- Tetrathiafulvalene, 
tetrakistrifluoromethyl-, 60, 37 

1.4.5.8- Tetrathianaphthalenes, formation. 
58, 78 

Tetrazenes, decomposition, nitrogen 
radicals from, 58, 3 
Tetrazete 

aromaticity estimates, calculations, 56, 
320, 344, 346, 394 
complex with Fe(CO) 3 , 56, 394 
effect of /V-oxidation on stability, 56, 395 
Tetrazete dianion, calculations, 56, 395 

1.2.4.5- Tetrazines 

aromaticity estimates/indices, 56, 340 
cycloaddition to 2-pyrazolines, 59, 79 

1.2.4.5- Tetrazine*, bistrifluoromethyl-, 
cycloadditions, 59, 23 

1.2.4.5- Tetrazines, halo-, formation, 58, 

325 

1.2.4.5- Tetrazinedicarboxylic ester 
reaction with aromatic amines, 59, 83 
reaction with dimethylthionitrosoamine, 

55, 20 

1.2.5.6- Tetrazocanes, uracil- and urazolo- 
fused, formation, 55, 230 


Tetrazolate betaines, and precursors, 60, 
205, 210, 221-2 
Tetrazoles 
5-lithiation, 57, 360 

acidity constants of coordinated species, 
58, 133 

complexation and reactivity, 58, 158 
halogenation, 57, 359 
reaction with 6-azidouracils, 55, 186 
Tetrazole, aromaticity estimates/indices, 
56, 341 

Tetrazoles, (-substituted, lithiation, 56, 

210 

Tetrazoles, l-aryl-5-diazomethyl-. 

formation in rearrangement, 56, 95 
Tetrazole, l-benzyl-5-trifluoromethyl-, 60, 20 
Tetrazole, 1,5-diamino-, reaction with 1,2- 
diones, 59, 152 

Tetrazoles, 1-hydrazonoyl-, rearrangement 
to 1,2,4-triazoles, 56, 139 
Tetrazoles, 2-hydrazonoyl-, rearrangement 
with Ni loss. 56, 141 

Tetrazoles, 1-hydroximoyl-, rearrangement 
to 1,2,4-oxadiazoles, 56, 141 
Tetrazole, l-methyl-, lithiation, 56, 210 
Tetrazole, l-(o-nitrophenyl)-, reduction 
and rearrangement, 56, 142 
Tetrazoles, 5-phenyl-, lithiation, 56, 211 
Tetrazole, l-phenyl-, lithiation, 56, 210 
Tetrazolium betaines, and precursors, 60, 
222 

Tetrazolo[5,l-c|( 1,2,4]benzotriazines, and 
N(4)-labelled, tautomerism, 59, 152 
Tetrazolo[l,5-6 and 5,l-o*]isoquinolines, 
halogenation, 59, 317 
Tetrazolo[l,5-6]isoquinoline-5,10-dione, 

58, 207 

Tetrazolo[l,5-a|pyridine, 6- and 7- 

trifluoromethyl-. thermolysis, 59, 26 
Tetrazolo[l,5-6][l,2,4]triazines, 59, 149-52 
Tetrazolo[l,5-rf][l,2,4]triazines, 59, 153 
Tetrazolo[5,l-/][l,2,4]triazines, 59, 153 
5-Tetrazolyl hydrazine, M/3)-(a- 

haloarylidene)-. rearrangement to 5- 
aryl-3-azido-1,2,4-triazole, 56, 98 
Tetronic acids, 57, 140, 141 
Thalliation 

of dibenzofuran, 59, 252 
of indoles, 59, 259, 266 
Thebaine, cycloaddition to thioaldehydes, 
55, 8 
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Theobromine, structure, 55, 135 

Theophylline 

photochemical formation, 55, 155 
structure, 55, 135 

Theophylline, 7-phenyl-8-subsl, synthesis, 
55, 153 

Theoretical calculations 
on 3-acetamido-l,2,4-oxadiazole 
rearrangement, 56, 67, 94 
AMI, on cycloadditions of 

azodicarboxylates to azadienes, 

57, 57 

AMI, PM3, on 3-acetyltetramic acid 
tautomers, 57, 157 
CNDO/2, on formylfurazan 

arylhydrazone rearrangement, 56, 66 
of electronic spectra of azonia- 
aromatics, 55, 320 
on heterocyclic aromaticity, 56, 303 
on heterocyclic betaines, 60, 236-41 
HMO, on 3,5-diphenyl-4tf-pyrazol-4- 
one, 58, 189 

on HNS and HSN, 55, 20 
of hydroxy-quinolizinium acidities, 55, 
347 

LCAO MO approximation, application 
to azonia cations, 55, 270 
MNDO, AMI, on 2-methoxy-2//-pyrans, 
60, 147 

MNDO, MINDO/3, of 2-amino-2W- 
thiopyran, 59, 213, 229 
MO, on thiopyrans, 59, 229 
NMR spectra of thiopyrylium ions and 
congeners, 60, 82 

on polycyclic aromatic nitrogen cationic 
systems, 55, 269 

on 3-substituted 1,2,4-oxadiazole and 
4,5-dihydro derivs, rearrangement, 
56, 95 

superdelocalisability and cyclization of 
benzo[6]quinolizinium derivatives, 
55, 299 

on thieno[2,3- and 3,2-6]thiophenes and 
S/Se and Se/Se analogues, 59, 282 
on thiopyrylium ions, 60, 67-71 
see also entries under ring systems 

Thermochemical resonance energy 
(TORE), 56, 307 

2-Thia-6-azabicyclo[2.2.2]oct-7-ene, 4,7- 
di(benzenesulfonyl)-6-methyl-5- 
phenyl-, 59, 223 


Thiabenzenes 

barrier to inversion at S, 60, 159 
formation from thiopyrylium ions, 60, 
158-9 

S to C group migration, 60, 159 

Thiabenzenes, l-alkyl-2-aroyI-, 59, 206 

Thiabenzenes, l-alkyl-2-aroyl-4,5- 
dimethyl-, 59, 206 

Thiabenzenes, 1 -alkyl-2-cyano-4,5- 
dimethyl-, 59, 206 

Thiabenzenes, 1-alkyl-3,5-diphenyl-, 
Cr(CO) 3 complex, 59, 206 

Thiabenzene, I-oxido-3,5-diphenyl-, 
tetraethylammonium salt, Cr(CO), 
complex, 59, 227 

Thiabenzene, 1,2,4,6-tetraphenyl-, 
formation, 60, 158 

2-Thiabicyclo[3.1,0]hex-3-enes. formation 
from thiopyrans. 59, 226 

2-Thiabicyclo[2.2.1 ]oct-5-ene-3- 

carboxylate, synth, fragmentation, 

55, 13 

2- Thiabicyclo[2.2.2]oct-5-enes, Diels-Alder 

adducts of 2//-thiopyrans, 59, 224 

5-Thiabicyc!o[2,l,0]pent-2-enes, see Dewar 
thiophenes 

3- Thia-1,5-diazabicyclo[3.3,0]octane-2- 

carboxylate, 7-t-boc-amino-8-oxo-, 
formation, 55, 12 

2-Thia-5,8-diazabicyclooct-7-en-6-one 
deriv, formation, fragmentation, 55, 9 

1.2.4- Thiadiazine 1,1-dioxides, 2-aryl-5- 
dimethylamino-5,6-dihydro-, 57, 67 

1.2.6- Thiadiazine 1,1-dioxides, 
halogenation, 58, 327 

1.2.6- Thiadiazin-3-one 1, l-dioxides, 
halogenation, 58, 327 

1.2.6- Thiadiazines, 1-oxides, 1,1-dioxides, 
generation, S (SO) extrusion from, 57, 
3, 13 

1.3.4- Thiadiazines, 2-(subst. amino)-, 
formation in rearrangements, 56, 133, 
134, 138 

1.2.3- Thiadiazoles 

base-induced ring cleavage, 56, 225 
photolysis and trapping, 60, 40 

1.2.3- Thiadiazoles, alkyl-, side-chain 
bromination, 57, 372 

1,2,3-Thiadiazoles, 5- 

(aminocarbonylmethylene)-4-aryl-2,5- 
dihydro-, 56, 99 
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1.2.3- Thiadiazoles, 5-azido-, 
rearrangement, 56, Ill 

1.2.3- Thiadiazoles. 5-(diazomethyl)-4- 
phenyl-, 56, 111 

1.2.3- Thiadiazoles, halo-, synthesis, 57, 

372 

1.2.3- Thiadiazole, 5-phenyl-, lithiation, 56, 
226 

1.2.3- Thiadiazole, 4-phenyl-, lithiation and 
cleavage, 56, 226 

1.2.3- Thiadiazole-5-acetamides, 4-aryl-, 56, 
100 

1.2.3- Thiadiazole-4-carboxylic acid/ester, 
5-(diazomethyl)-, rearrangement, 56, 
111 

1.2.4- Thiadiazoles, formation in 
rearrangements, 56, 72 

1.2.4- Thiadiazoles, 3- and 5-amino-, 
diazotizalion and Sandmeyer 
reactions, 57 , 373 

1.2.4- Thiadiazole, 5-amino-3-phenyl-, 
nitration, 58, 246 

1,2,4-Thiadiazole, 5-chloro-3-mercapto-, 
reaction with HBr, 57 , 372 

1.2.4- Thiadiazole, 5-chloro-3- 
trichloromethyl-, fluoro-dechlorination 
in, 57 , 372 

1.2.4- Thiadiazoles, halo-, synthesis, 57, 

372 

1.2.4- Thiadiazo!e-3-thiones, 5-thioureido-, 
56, 114 

1.2.4- Thiadiazol-3-ones, 5-ureido-, 56, 114 

1.2.5- Thiadiazole, 3-amino-, ring 
bromination, 57, 373 

1.2.5- Thiadiazole, 3,4-dichloro-, fluoro- 
dechlorination, 57, 373 

1.2.5- Thiadiazoles, methyl-, side-chain 
bromination, 57, 373 

1.2.5- Thiadiazole, 3-methyl-, ring 
chlorination, 57, 373 

1,2,5-Thiadiazole, 3-phenyl-, nitration, 58, 
244 

1.2.4- Thiadiazol-5-imine. 4-aryl-3- 
arylamino-, reaction/rearrangement 
with arylcyanamides, acetylenes, 56, 
106 

1.2.4- Thiadiazol-5(2//)-imines, 56, 113 

1.2.5- Thiadiazolecarboxylic esters, 
carbonitrile, 4-trifluoromethyl-, 60, 37 

1,3,4-Thiadiazoles, base-induced ring 
cleavage, 56, 225 


1.3.4- Thiadiazole, 2-amino-, bromination, 
57, 373 

1.3.4- Thiadiazoles, amino-, diazotization 
and Sandmeyer reactions, 57, 373 

1.3.4- Thiadiazole, 2-bromo-* 
fluoro-debromination, 57, 374 
synthesis, 57, 373 

1,3,4-Thiadiazole, 2-chloro-*, synthesis, 

57, 373 

1.3.4- Thiadiazole, 2,5-dihydro-2,2,5,5- 
tetrakistrifluoromethyl-, 60, 40 

1.3.4- Thiadiazole, 2-trichloromethyl-*. 
halogenative elimination of side-chain, 
57, 373 

1.3.4- Thiadiazol-2-imines, 3-aryl-5- 
benzoyl-, reaction/rearrangement with 
acetylenes, 56, 56, 106 

1.2.4- Thiadiazolidin-3-ones, 5-(/3- 
iminoalkylidene)-, 56, 103 

1.3.4- Thiadiazolinones. reaction with 
phosphorus halides, 57, 373 

[1.2.4] Thiadiazolo[2,3-a]pyridinium salt*, 
2-amino-, 56, 112 

[1.2.4] Thiadiazolo(2,3-a]pyridinium salts, 
2-anilino-, rearrangement to 2-(2- 
pyridyllaminobenzothiazoles, 56, 

109 

[1.2.4] Thiadiazolo[2,3-a]pyridinium salts, 
2-(2-pyridyl)amino-, symmetrisation 
with base, 56, 111 

1.2.3- Thiadiazolo[4,5-c/]pyrimidine-5,7- 
dione, 4,6-dimethyl-, 55, 180 

[ 1,2,5]Thiadiazolo[3,4-4]pyrimidine-5,7- 
diones, synthesis, 55, 159, 168 

1.3.4- Thiadiazolo[3,2-a]pyrimidines, 
conversion into triazolo-pyrimidines, 
57, 101 

[1.3.4] Thiadiazolo[3.2-a]pyrimidin-5-ones, 
bromination, 59, 325 

[ 1,2,4]Thiadiazolo[5, l-e][ 1,2,4]thiadiazole- 
2,6-diones-4S lv *, 56, 117 
see also Thiatetraazapentalenes 

11,2,5]Thiadiazolol3,2-/]l 1.2,4]triazine-4,6- 
dione 1,1-dioxides, 59, 148 

[1.3.4] Thiadiazolo[2,3-c][l,2,4]triazines, 

59, 146-8 

[ 1,3,4]Thiadiazolo(3,2-c/][ 1,2,4Jtriazines, 

59, 148 

1.2.4- Thiadiazol-5-yl-amidines, 
isoheterocyclic rearrangements, 56, 
103-6 
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5-Thia-isoalloxazines, 55, 202 
10-Thia-isoalioxazines, 55, 201 
Thiane-3,5-dione, conversion into 
thiopyrylium ion, 60, 121 
Thianes, see Thiopyrans, tetrahydro- 
2-Thianorbiphenylene, CCMRE 
calculation, 56, 314 
Thianthrene, dipole moment, 58, 109 
Thianthrene, and oxides, bromination, 59, 
306 

Thianthrene radical cation, oxidation of 
lithium amides by, 58, 6 
Thianthrenes, 5,5-dialkoxy-, 59, 306 
Thianthrenes, 1-halo-, from lithio 
compound, 59, 307 
3W-l,2,4-Thiase!enazoles, 3,3- 

bistrifluoromethyl-, heterodiene 
generation from, 60, 41 

1.4- Thiatelluranes, synthesis, 58, 85 

1.4- Thiatellurane 4,4-diiodide, structure 

and colour, 58, 109 

1.4- Thiatellurin 1,1-dioxides, 3,5-dialkyl-, 
58, 89 

1.4- Thiatellurins, 3,5-dialkyl-, 58, 89 

1,3-Thiatelluroles, synthesis, 58, 66 
10b-Thia-5,6,10a, 10c-tetraazaindeno[ 1,2- 

a]indene-10b5' ,v , 56, 111 
3a-Thia-1,3,4,6-tetraazapentalene-2,5- 
diones-3aS lv *, dihydro-56, 117 
3a-Thia-l ,3,4,6-tetraazapentalenes-3a5 lv , 
56, 113 

1.2.3.4- Thiatriazoles, 5-amino- 
acylation with N 2 loss, 56, 113 
reaction with cyanates, 56, 115 

1.2.3.4- Thiatriazoles, 5-amino-3- 
alkyl(aryl)oxy-, 56, 115 

1.2.3.4- Thiatriazole, 5-anilino-, reaction 
with benzyne, 56, 112 

1.2.3.4- Thiatriazoles, 5-(«-diazoalkyl)-, 
formation by rearrangement, 56, 111 

1.2.3.4- Thiatriazol-5(4//)-imines, reactions 
with ketenes, nitriles, isocyanates, 56, 
116-8 

1.2.3.4- Thiatriazol-5(4//)-imines, N-aryl-4- 
methyl-, rearrangement with N, 
extrusion, 56, 112 

1.2- and 1,3-Thiazepines, from azido- 
thiopyrans, 59, 221, 60, 155 

1.3- Thiazetes, 2,2-bistrifluoromethyl-, 

60, 41 


1,2-Thiazine 1,1-dioxides, 2-aryl-3,5- 
dimethyl-, bromination, 58, 326 

1.2- Thiazine 1,1-dioxides, from 4-amino-l- 

azabuta-1,3-dienes, 57, 23 
2//-l,3-Thiazine*, 2-phenyl-, nitration, 58, 
257 

1.3- Thiazin-2-imines, fused, synthesis, 

57, 70 

1.3- Thiazin-6-one, 4-hydroxy-2-phenyl-, 
bromination, 58, 326 

1.4- Thiazine, 4-phenyltetrahydro-, 

nitrosation, 58, 257 
Thiaziridin-3-arylimine, 2-phenyl-, 

proposed reaction intermediate, 56, 

112 

Thiaziridine-3-sulfonylimines, proposed 
reaction intermediates, 56, 118 
Thiazoles 

derived carbanions, 56, 222-4 
from propargyl/allenyl isothiocyanate, 
57, 28 

halogenation, 57, 365 
Thiazole, triiodo-, 57, 369 
Thiazoles, 2-(/3-acylhydrazino)-, formation 
in rearrangement, 56, 138 
Thiazoles, 2-(/3-acylhydrazino)-4,5- 
dihydro-, 56, 139 
Thiazoles, 2-alkyl/arylamino-4,5- 
disubstituted, formation by 
rearrangement, 56, 106-7 
Thiazoles, 2-amino-, protection at N and 
lithiation, 56, 223 

Thiazoles, 3-amino-2,3-dihydro-2-(o- 
hydroxyphenyl)imino-, 56, 134 
Thiazoles, 2-amino-4,5-dihydro-5- 
tetrafluoroethylidene-4,4- 
bistrifluoromethyl-, 60, 23 
Thiazoles, 2-amino-4-trifluoromethyl-, 

60, 17 

Thiazoles, 2-aryl-5-azido-4- 

trifluoromethyl-, cycloadditions of N, 
group, 60, 31 

Thiazoles, 2-benzyl- and 2-phenylethyl-, 
nitration, 58, 242 

Thiazole, 4-bromo-, lithiation at C-2, 56, 
224 

Thiazoles, 4-dialkylamino-2,3-dihydro-2-(/8- 
thioxoalkylidene)-, 56, 122 
Thiazoles, 2-diazonio-, cyclo-condensation 
with active methylene compds, 59, 121 
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Thiazole, 4.5-dihydro-, lithiation and ring¬ 
opening, 56, 266 

Thiazoles, 2,5-dihydro-, synthesis from 2- 
azabuta-1,3-dienes, 57, 30 
Thiazoles. 4,5-dihydro-, synthesis from <*- 
metalated isocyanides, 56, 266 
Thiazoles, 4,5-dihydro-2-phenyl-, nitration, 

58, 241 

Thiazoles, 2-fluoro-, synthesis, 57, 369 
Thiazoles, 2-(o-hydroxyphenyl)amino-, 56, 
134 

Thiazole. 4-lithio-2-trimethylsilyl-, 56, 224 
Thiazole, 5-Iithio-2-trimethylsilyl-, 56, 223 
Thiazole, 2-methyl-, lithiation, 56, 222 
Thiazoles, phenyl-, nitration, 58, 241-2 
Thiazoles, trifluoromethyl-, from 
carboxylic acids and SF 4 , 59, 10 
Thiazol-2(3/f )-imines, 3-amino-AMo- 
hydroxyphenyl)-56, 134 
Thiazole-2-thione, 1 -carbamoyloxy-4- 
methyl-, nitrogen radical formation 
using, 58, 30 

Thiazole-2-thiones, 5-lithio-, 56, 163 
Thiazole-4-carboxylic ester, 2-methylthio-, 
synthesis from 2-azabuta-1,3-dienes, 
57, 29 

Thiazole-4,5-dicarboxylate, 2,3-dihydro-2- 
oxo-3-phenyl-, 56, 108 
Thiazolidine-2,4-diimines, 3-ary 1-5,5- 
dimethyl-, 56, 130 

Thiazolines, see Thiazoles, dihydro- 
Thiazolium N-ylids, trapping with 
acetylenic esters, 56, 131 
Thiazolo[5,4-h]pyridines, and 7-oxides, 
lithiation, 56, 246 

Thiazolo[3,2-a]pyridin-4-ium betaines, 
halogenation, 59, 318, 319 
Thiazolo[3,2-a]pyridin-4-ium salts, 6- and 
8-nitro-2,3-dihydro-, halogenation via 
pseudobase, 59, 318 
Thiazolo[3,2-a]pyrimidine-5,7-diones, 
bromination, 59, 324 

Thiazolo[4,5-d]pyrimidine-2,4,6-triones, 55, 
153 

Thiazolo[5,4-</]pyrimidine-5,7-diones, 4,6- 
dimethyl-, and 1-oxides, 55, 171 
Thiazolo[5.4-d]pyrimidinones, chlorination, 

59, 324 

Thiazo(o[3,2-d]tetrazole. 5-phenyl-, 
sulfonation, 58, 248 


Thiazolo[3,2-£][ 1,2,4]triazines, reduced 
and -oxo-derivatives, 59, 116-9 
7//-Thiazolo[3,2-h][l,2,4]triazin-7-one, 6- 
benzyl-2,3-dihydro-, 59, 155 
Thiazolo[3,4-£][l,2,4]triazines, 59, 119-20 
Thiazolo[3.4-h][l,2,4]triazinium ions, salts 
and cyanine dyes, 59, 119 
Thiazolo[2,3-c][l,2,4]triazines, 59, 120-2 
Thiazolo[4.3-c][ 1,2,4]triazines, reduced 
and thioxo derivs 59, 122 
Thiazolo[4,5-e]-l ,2,4-triazines, 59, 122-3 
Thiazolo[5,4-e]-l,2,4-triazines, 59, 123 
Thiazolo[3,2-h][l,2,4]triazoles, 
bromination, 59, 285 

Thieno[2,3- and 3,2-h][l]benzothiophenes, 
bromination, 59, 282 
Thieno[3,2-t/]ll ,2,3]diazaborine*, 1,2- 
dihydro-l-hydroxy-, bromination, 59, 
328 

l/f-Thieno[3,2-e]-l,4-diazepin-2(3/f )-one, 
5-phenyl- and 7-chloro-5-phenyl-, 
nitration, chlorination, 58, 260 
Thieno[2,3-d:5,4-d']dipyrimidine-2,4,5,7- 
tetrones, 55, 199 

Thieno[2,3-6]pyrazine, reaction with BuLi, 

56, 247 

l/f-Thieno[2,3-c]pyrazoles*, bromination, 
59, 283 

2//-Thieno[3,2-c]pyrazoles, bromination, 
59, 283 

Thieno-pyridines, halogenation, 59, 311-2, 
313 

Thieno[2,3-h]pyridine, lithiation, 56, 246 
Thieno[2,3-h]pyridine, -bromo-, Br/Li 
exchange, 56, 247 

Thieno[3.2-£>]pyridine, lithiation, 56, 246 
Thieno|3,2-6]pyridine N-oxide, 

Meisenheimer reaction, 59, 313 
Thieno[3',2’:5,6]pyrido[2,3-h]indoles, 

57, 50 

Thienol2,3-d]pyrimidines and -ones, 
halogenation, 59, 319, 320 
Thieno[2,3-d]pyrimidine-2,4-diones, 5,6- 
dihydro-, 55, 171 

Thieno[2,3-d]pyrimidine-2,4-diones, 1,3- 
dimethyl-, 55, 190 

Thieno[3,2-f>]pyrrole-5-carboxylates, 
bromination, 59, 282 
eno(2,3-6]quinoline, bromination, 59, 

312 
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Thieno[2,3- and 3,4-c]quinoline N-oxides, 
bromination, 59, 313 
Thieno[3,2-6]quinol(zinium salt, 55, 316 
Thieno[3,2-<flthiazoles, 2-amino-. 57, 319 
Thieno-thiophenes, isomers, calculations 
on, 56, 351 

Thieno[2,3- and 3,2-6]thiophenes, 

bromination, chlorination, 59, 281-2 
2//-Thieno[3,2-6]thiopyrans, 2- 

acylmethylene-, formation, 60, 137 
Thieno[2,3-e]-l,2,4-triazines, 59, 65-6 
Thieno[3,4-e]-l,2,4-triazine-5,7- 

dicarboxylate, 4-amino-1,4-dihydro-3- 
methyl-, 59, 66 

Thienyliodonium salts, synthesis, 57, 

322 

Thiepin, resonance energy, 56, 364 
Thiepin-4-carboxylates, 2,5,7- 
trisubstituted, 60, 160 
Thiepin-4,5-dicarboxylic ester, 2,7-di-t- 
butyl-, formation, 59, 221 
Thietanes, 2-methylene-, formation, 55, 10 
Thietane, photolysis, 55, 5 
1/f-Thiete, calculations, 56, 351 
Thiirane 5-imines, fragmentation, 55, 22 
Thiirane, perfluorohexyl-, surfactants 
from, 59, 19 

Thiirines, intermediates in 1,2,3-thiadiazole 
photolysis, 60, 40 

Thiirine, resonance energy, 56, 364 
Thioacetone, generation, 55, 9 
Thioacrylamides, condensation with 
acetonitriles, 60, 105 
Thioaldehydes 
formation, 55, 2 
isolation, 55, 5 

Thioamides, N-hexafluoroisopropylidene-, 
[4+1] cycloadditions, 60, 40 
Thiobarbital, structure, 55, 133 
Thiobenzaldehyde 
ene addition to /3-pinene, 55, 13 
formation, oligomers, 55, 3 
Thiobenzophenones, formation from 
triarylthiopyrylium ions, 60, 166 
Thiochromenylium ions, see 1- 
Benzothiopyrylium 

Thiocoumarins, see l-Benzothiopyran-2- 

Thiocyanation, of [ 1,2,4]triazolo[ 1,5-tr]- 
pyrimidines, 57, 114 


Thioether, /3-isocyanoethyl trimethylsilyl, 
56, 266 

Thioformaldehyde, generation, trapping, 
55, 5 

Thioformamide, /V,/V-dimethyl-, 

condensation with diene, 59, 183 
Thioketone, t-butyl trimethylsilyl, 

cycloaddition to 1-oxybutadienes, 59, 
189 

Thiolacetic acid, addition to 1,3-dimethyl- 
6-methylenepiperazine-2,5-dione, 57, 
231 

Thiolactim ethers, piperazinedithione- 
derived, 57, 255 

Thiolsulfinates, thermal cleavage, 55, 6 
Thiomorpholine-3,5-dicarboxylate, fused 
piperazinedione deriv, 57, 193 
Thionitroso compounds, stability, 55, 19 
iV-Thionitrosoamines, formation. 55, 20 
Thionoformate esters, reactions with 
organometallics, 55, 10 
Thionyl chloride 

condensation with acetone, 60, 106 
dehydration of fused dihydro- 

hydroxypyrazinediium salt by, 55, 
297 

reaction with 

6-hydrazinouraciIs, 55, 180 

5- amino-6-methyluracils, 55, 189 
1-azabuta-1,3-dienes, 57, 3, 13 
5,6-diaminouracils, 55, 160 

6- hydrazino-1,3-dimethyluracil, 55, 

180 

thiopyrones, 60, 114 
Thiophenes 
bromination, 57, 315 
bromo-deiodination in, 57, 318 
chlorination, 57, 310 
complexation and hydrodesulfurization, 
58, 147 

iodination, 57, 321 
iodo-deboronation, 57, 321 
rearrangement to thiopyrylium in E1MS, 
60, 92 
Thiophene 

action of fluorine on, 57, 323 
aromaticity estimates/indices, 56, 311, 
316, 335, 342, 363-7 
Dewar isomer, 56, 375 
fluorination by KCoF 4 , 60, 6 
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Thiophene 5-imines, 2,3,4,5-tetrachloro-, 
cycloaddition to aikenes, RNS 
elimination, 55, 23 

Thiophene 1,1-dioxide, Co complex, FVO 
and SO, extrusion, 58, 153 
Thiophene 5-yIids, formation, 
rearrangement, 59, 205 
Thiophenes, 2-(heterocycle-substituted), 
bromination, 57, 319 

Thiophenes, acetyl-, bromination, 57, 317 
Thiophene, 2- and 3-acetyl-, chlorination, 
57, 312 

Thiophenes. 2-acyl-, by hydrolysis/ 
oxidation of thiopyrylium ions, 60, 

139, 143-4 

Thiophenes, 2-aroyl-, by oxidative ring 
contraction of thiopyrans, 59, 210 
Thiophene, 2-benzoyl-3,5-diphenyl-, from 
triphenylthiopyrylium ion, 60, 143 
Thiophene, 2,5-bistrifluoromethyl-, 60, II 
Thiophenes. 2,3-bistrifluoromethyl-. 60, 40 
Thiophene, 2-bromo-, isomerization and 
disproportionation using sodamide, 57, 
320 

Thiophene, 2-bromo-5-chloro-, 

isomerization on zeolites, 57, 315 
Thiophenes, chloro-, isomerization on 
zeolites, 57, 314 

Thiophene, 2-chloro-, formation. 57, 310 
Thiophene, 3-chloro-, synthesis, 57, 314 
Thiophene, 2,4-dibromo-, preparation 57, 
320 

Thiophene, 2,5-dibromo-, isomerization by 
LDA, 57, 320 

Thiophenes. 2,3-. 2,4-, 3,4-dichloro-, 57, 
313 

Thiophene, 2,5-dichIoro-, synthesis, 57, 

310 

Thiophene, 3-(difluoromethyl)-2,2,5,5- 
tetrafluoro-2.5-dihydro-, 57, 323 
Thiophene, 2,5-diiodo- 
synthesis, 57, 322. 322 
Thiophenes, fluoro- 

fluoro-dehthiation forming, 57, 301, 

323 

synthesis, 57, 323 

Thiophenes, 2-fluoro-3-trifluoromethyl-, 
formation, substitution of F, 60, 43 
Thiophenes, hydroxy-, chlorination, 57, 

312 


Thiophene, 2-iodo- 
synthesis, 57, 321 
thermal isomerization, 57, 322 
Thiophene, 3-iodo-, iodination, 57, 322 
Thiophene, 2- and 3-methyl-, chlorination, 
57,311 

Thiophene, 2-nitro-. bromination, 57, 317 
Thiophene, 3-nitro-. chlorination, 57, 312 
Thiophene, 2-(2-oxazolinyl)- derivatives, 
lithiation, 56, 267 

Thiophenes, 2-phenyl-, nitration, 58, 225 
Thiophene, tetrachloro-. partial 
dehalogenation. 57, 313 
Thiophene, tetrakis(trifluoromethyl)-, 59, 11 
Thiophene, tetrakistrifluoromethyl-, 60, 12, 
22, 45 

Thiophene, tetrakis(trifluoromethylthio)-, 
60,45 

Thiophene, tetramethyl-, Rh complex, S- 
oxidation, 58, 151 

Thiophenes, 2- and 3-trifluoromethyl-, 60, 12 
Thiophene-2-boronic acid, bromination, 

57, 317 

Thiophene-2-carbaldehyde, bromination, 
57, 317 

Thiophene-3-carbaldehyde, chlorination, 
57, 312 

Thiophene-2-carbaldehyde, 3,5-diphenyl-, 
from 2.4-triphenylthiopyrylium ion, 

60, 143 

Thiophene-3-carbonitrile, 2-benzamido-4- 
phenyl-, bromination, 57, 319 
Thiophenecarboxylates, hydroxy-, 
chlorination with SO : Cl 2 , 57, 312 
Thiophene-3-carboxylate, 4-hydroxy-2- 
methyl-, rearrangement with 
hydrazine, 56, 128 

Thiophene-2,5-dicarboxylic ester, 3,4- 
dihydroxy-, condensation with 
acetohydrazide hydrazone, 59, 66 
Thiophenium S-ylids, formation, 
rearrangement, 59, 205 
Thiophosgene 

reaction with l-alkyl-2-aza-1,3-dienes, 

57, 39 

reaction with 1,3-dienes, 60, 106 
Thiopivaldehyde, synth, 55, 6 
Thiopyrans 

developments in the chemistry of 
(review), 59, 179 
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electronic spectra, 59, 230, 234 
equilibration of 2 H- and Mi- isomers, 

59, 191 

halogenation, 58, 298 
infrared spectra. 59, 235 
isomerization of, 59, 213-6, 226 
isomerizations by 2/4 migrations of 
methoxy and dialkylamino groups, 
59, 214-5 

mass spectrometry, 59, 236 
NMR spectra, 59, 230-3 
oxidation 

by hydrogen peroxide, 60, 112 
by permanganate, 60, 113 
to thiopyrylium salts, preparative, 60, 
110-3 

reactions of (formally 8-7 t) anionic 
species, 59, 216 

reduction by silyl hydrides, 59, 213 
Thiopyran 1,1-dioxides, tetrahydro-, 
formation, 59, 212 
Thiopyrans-15 lv , see Thiabenzenes 
2//-Thiopyrans 

formation from alkoxy-/hydroxy- 
dihydrothiopyrans, 59, 197 
isomerizations by 1,5-H shift; 

thiopyrylium catalysis, 59, 213-4 
mass spectra, 60, 92 
2//-Thiopyran, 5,6-cycloadduct with 
carbene, 59, 225 
2//-Thiopyran 1,1-dioxides 
acidity, 59, 236 
formation, 59, 201, 208 
2//-Thiopyran 1-oxides, formation, 

Pummerer rearrangements, 59, 199-200 
2//-Thiopyran 1-oxide, 4-aroyl-2,6- 
diphenyl- 
formation, 59, 189 
rearrangements, 59, 215 
4//-Thiopyrans, synthesis, from 1,5- 
dicarbonyl compounds, 59, 181 
4//-Thiopyran 1,1-dioxides, formation, 59, 
208-9 

4//-Thiopyran 1,1-dioxides, 4,4-diphenyl-, 
addition of methoxide, 59, 223 
4//-Thiopyran 1,1-dioxide, 2,4,4.6- 

tetraphenyl-, x-ray crystal structure, 
59, 228 

4//-Thiopyran 1-oxide, 2,4,4,6-tetraphenyl- 
formation, 59, 209 
x-ray crystal structure, 59, 228 


2//-Thiopyrans, 3- and 4-alkoxy-3,6- and 

5.6- dihydro-, formation, 55, 12 
2//-Thiopyran, 2-amino-, calculations on 

ring-opening reaction, 59, 213 
2//-Thiopyrans, 2-azido- 
formation, 59, 195, 60, 155-6 
thermolysis, 59, 211, 60, 155 
4//-Thiopyran, 4-benzylidene-2,6- 
diphenyl-, mercuration, 60, 120 
2//-Thiopyran, 2-benzyl-2,4,6-triphenyl-, 
valence isomerization, electrocyclic 
ring opening, 59, 213 
2//-Thiopyran, 3,5- 

bis(triisopropylsilyloxy)-. 59, 202 
2//-Thiopyran, 2-t-buty 1-2-trimethylsiIyI-, 
59, 189 

4//-Thiopyran, 4-cyclopentadienylidene- 

2.6- diphenyl-, manganese complexes, 
polarography, 60, 98 

4//-Thiopyrans, 4-dialkylamino- 
from enaminothiones, 59, 187 
isomerizations, 59, 214-5 
2//-Thiopyrans, 3,5-di(benzenesulfonyl)- 
cycloaddition to imine, 59, 223 
synthesis, 59, 184 
4//-Thiopyran, 2,6-di-t-butyl-4- 
[diazo(diphenylphosphiny! and 
phosphonolmethyl]- 
formation, 59, 192 
Pd-catalysed decomposition, 59, 221 
reaction with triphenylthiopyrylium, 59, 
222 

4//-Thiopyran, 4-(3,5-di-t-buty!-4- 

oxocyclohexa-2,5-dien-l-ylidene)-2,6- 
diphenyl-, protonation, 60, 119 
4//-Thiopyrans, 2,6-di-t-butyl-4- 
phosphorylmethylene-, 60, 161 
4//-Thiopyrans, 4,4-dichioro-, equilibration 
with salt forms. 60, 112, 114 
2//-Thiopyrans, 3- and 5- 

diethylphosphonyloxy-, 59, 201 
4//-Thiopyran, 4,4-diphenyl-, 59, 181 
2//-Thiopyrans, 3,5-diphenyl-, chromium 
tricarbonyl complexes, 59, 227 
2//-Thiopyran, 3,5-diphenyl-, 

quaternization, thiabenzene deriv 
from, 59, 206 

4//-Thiopyran, 2,6-diphenyl-4- 
(diphenylphosphinyl)-, 59, 196 
2//-Thiopyran, 2-methyl-, natural 
occurrence, 59, 237 
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4//-Thiopyrans, 4-methylene-2,6- 
diphenyl-, -di-t-butyl-, 59, 194 
2//-Thiopyrans, 6-methylthio-, synthesis 
from thioenolates. 59, 183 
2//-Thiopyran, 4-methyl-2,3,6-triphenyl-, 
x-ray crystal structure, 59, 228 
2//-Thiopyrans, 6-silyloxy-, 59, 201 
2//-Thiopyrans, 4-silyloxy- 
addition reactions. 59, 223 
cycloadditions, 59, 224 
2//-Thiopyrans, 3- and 5-silyloxy- 
cycloadducts with electron-poor olefins, 
59, 224 

equilibration, 59, 201 
reaction with acetylenic esters, 59, 219 
2//-Thiopyran, 4-silyloxy-, synthesis, 59, 
202 

4/f-Thiopyrans, 2,4,4,6-tetraaryl- 
chlorination, 59, 216 
synthesis, 59, 181 

Thiopyrans, tetrahydro-, formation, 59, 212 
4W-Thiopyran, 2.4,4,6-tetraphenyl- 
formation, 60, 158 
nitration, halogenation, 59, 216 
x-ray crystal structure, 59, 228 
4/f-Thiopyran, 4- 

tetraphenylcyclopentadienylidene-2,6- 
di(methylthio)-, protonation, 60, 119 
2//-Thiopyran-3,5(4//.6//)-dione, 

conversion into thiopyrylium ion, 60, 
121 

Thiopyranimines, formation, 60, 151 
Thiopyranones, halogenation, 58, 298 
Thiopyranones, 2/4-alkylthio-, alkylations 
and rearrangements, 60, 134 
4//-Thiopyran-4-ones 
basicity, 60, 113 

and congeners, condensation with 
methylthiopyrylium salts, 60, 129 
formation from 4//-thiopyrans, 59, 209 
reaction with organometallics, 60, II 
reduction, 59, 200 

reduction by hydride species, 60, 115 
4//-Thiopyran-4-ones, 2.3-dihydro-, 
Vilsmeier-Haack reaction with, 59, 

202 

4//-Thiopyran-4-one 1.1-dioxides, 

reduction, reaction with nucleophiles, 
59, 200 

4//-Thiopyran-4-one, 4,6-diphenyl-, azine, 
formation, 60, 152 


4//-Thiopyran-4-one 1-oxides, 2,3- 
dihydro-, 59, 202 
Thiopyranthiones 
alkylation, 60, 116-7 
halo-dethionation, 60, 117 
reaction with mercuric chloride, 60, 118 
2//-Thiopyran-2-thione, 4,6-diphenyl-, S- 
acetylation, 60, 117 

4//-Thiopyran-4-thiones, formation. 60, 109 
2//-Thiopyran-3-carbaldehydes, 4-chloro- 
formation, 59, 202 
reactivity, 59, 218 
2//-Thiopyran-2-carbaldehyde, 3,6- 
dihydro-, synth, 55, 11 
2W-Thiopyran-3-carbaldehydes, 

condensations of the formyl group, 59, 
225 

4W-Thiopyran-3- and 3,5-di-carbonitriles, 
2,6-diamino-, synthesis, 59, 184 
2/f-Thiopyran-4-carboxylic ester, 2,6-di-t- 
butyi-, 59, 193 

2W-Thiopyran-3-carboxylic ester, and 
oxide and dioxide, 3,4-dihydro-4-oxo-, 
formation, tautomerism. 59, 202 
4//-Thiopyran-4-(diazoacetic esters), 2,6- 
di-t-butyl-, ring expansion to thiepins, 
59, 221 

4//-Thiopyran-3,5-dicarbonitriles, 2,6- 
diamino- 

condensations forming fused thiopyrano- 
heterocycles, 59, 226 
isomerization to pyridine-2-thiones, 59, 
219 

reaction with dimedone, 59, 222 
reaction with phenacylpyridinium ylid, 
59, 222 

4//-Thiopyran-3,5-dicarbonitriles, 2,6- 
diamino-4-phenyl-. x-ray crystal 
structure, 59, 228 

4//-Thiopyran-3,5-dicarboxylates, 2- 
alkoxy-4-aryl-, 59, 186 
4//-Thiopyran-2,3-dicarboxylates, 59, 186 
4//-Thiopyran-4-phosphonate, 2,6- 
diphenyl-, 60, 157 
4//-Thiopyran-4-phosphonate, 2,6- 

diphenyl-, thiopyranylidene products 
from, 59, 217 

4//-Thiopyran-2,3.5-tricarboxylates, 2- 
alkoxy-4-aryl-, 59, 186 
Thiopyranyl anion, 2,4,6-triphenyl-, 
alkylation, 60, 95 
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Thiopyranylidene-thiopyrans, see 
Bithiopyranylidenes 
2//-Thiopyran-2-ylideneacetaldehydes, 
protonation, reaction with anilines, 60, 
120 

2//-Thiopyran-2-ylideneacetic ester, 3- 
methoxycarbony 1-5,6-diphenyl-, 59, 

188 

4//-Thiopyran-4-ylidenes, ethane-1,2- 
bis-species, 59, 217 
Thiopyrones, see Thiopyranones 
Thiopyrylium salts (review), 60, 65 
Thiopyrylium (ions/salts) 
addition of C-nucleophiles. 59, 192-3 
addition of N- and P-nucleophiles, 59, 

194 

addition of O- and S-nucleophiles, 59, 
193-4 

chemical reduction, 60, 137-9, 167-9 
electronic spectra, theoretical 
correlations, 60, 68 
exchange of anions, 60, 123-4 
formation by oxidation and/or 

disproportionation of thiopyrans, 

59, 205, 210 

hydride transfer equilibria with 
thiopyrans, 60, 168 

hydrolysis/oxidation to acylthiophenes, 

60, 139, 143-4 
reaction with 

a-methylene ketones, 60, 161 
azide ion, 59, 195 
hydrazine, 60, 152 
methylhydrazine, 60, 155 
nucleophiles, see also addition 
carbon, 60, 158-66 
nitrogen, 60, 149-56 
oxygen, 60, 143-8 
phosphorus, 60, 156-8 
sulfur, selenium, 60, 148-9 
phenylhydrazine and hydroxylamine, 
60, 151 

primary amines, 60, 153 
reduction to thiopyrans, 59, 189 
syntheses 

from acyclic precursors, 60, 99-102 
from thiopyrans, 60, 110-3 
two-electron reduction to anions, 

60, 94 

zinc reduction, 60, 137-8 


Thiopyrylium (ion/salts) 
aromaticity comparison with pyrylium, 
56, 330 

pmr spectra, shifts and couplings, 60, 81 
reaction with 
cyclopentadiene, 60, 169 
2,3-dimethylbenzothiazolium ion, 60, 
165 

synthesis from thiophene, 60, 121 
Thiopyrylium salts, 3-acetoxy-, 60, 122 
Thiopyrylium ions, 2-acylmethylthio- 
formation, 60, 117 
rearrangements in base, 60, 135-6 
Thiopyrylium ions, 2- and 4-alkyl-, 

condensation with aldehydes, 60, 126 
Thiopyrylium ions, 2- and 2,4-bis- 
alkylthio-, dealkylations, 60, 134 
Thiopyrylium ions, 4-alkylthio-, 

nucleophilic substitution, 60, 144 
Thiopyrylium salts, amino-, formation, 60, 
151 

Thiopyrylium salts, 2-amino- 
formation from imines, 60, 118 
syntheses, 60, 104 
Thiopyrylium salts, 2- 

aminomethyleneamino-, 60, 105 
Thiopyrylium salts, 4-(j8-aminovinyl)-, 60, 
130 

Thiopyrylium ion, 4-[2-(benzothiazol-2- 
ylamino)-4-dimethylaminophenyl]-2,6- 
diphenyl-, cyclization, 60, 137 
Thiopyrylium salts, 4-chloro- 
formation, 60, 112, 114-5 
reactions, 60, 145, 152 
reactions with a-methylene ketones, 60, 
162 

substitution into electron-rich aromatics, 
60, 162 

Thiopyrylium salts, 2-chloro-3,6-diphenyl-, 
60, 106 

Thiopyrylium salts, 2,6-diamino-, 60, 105 
Thiopyrylium salts, 2,6-diaryl-, 60, 106 
Thiopyrylium ion, 4,6-diaryl-2-(3,5- 
diarylthienyl)-, formation with 
rearrangement, 60, 131-3 
Thiopyrylium salts, 2,6-di-t-butyl-, 60, 106 
Thiopyrylium salt, 2,6-di-t-butyl-, reaction 
with hydroxylamine, 60, 155 
Thiopyrylium salts, 2,6-di-t-butyl-4- 

phenyl-, reaction with butylamine, 60,151 



INDEX 


451 


Thiopyrylium ion, 4 -p- 

dimethylaminophenyl-2,6-diphenyl/di- 
t-butyl-, electrochemical oxidation, 

60, 95 

Thiopyrylium ion, 2,6-diphenyl- 
addition of triphenylphosphine, 60, 156 
autoxidative substitutions, 60, 163 
Thiopyrylium ion, 2,4-diphenyl-, reaction 
with alkylamines, 60, 168 
Thiopyrylium ion, 2,6-diphenyl- 
reaction with sodium sulfide, 60, 109 
synthesis, 60, III, 115 
Thiopyrylium ion, 2,6-diphenyl-4-(2,6- 
diphenylthiopyran-4-ylideneamino)-, 
60, 135 

Thiopyrylium ions, 2-( 1,2-dithiol-3- 

ylidenemethyl)-, reaction with nitrile 
oxide and base, 60, 137 
Thiopyrylium salts, halo-, nucleophilic 
displacements, 60, 144-5 
Thiopyrylium salts, 3-hydroxy- 
dimerization of betaine, 60, 169 
formation, 60, 122 

Thiopyrylium salts, 3-hydroxy-5-methyl- 
dimerization of betaine, 60, 169 
formation, 60, 106-7 
Thiopyrylium salts, 4-methoxy-, 60, 114 
Thiopyrylium ion, 4-methoxy-, 

condensations with ring-opening, 60,165 
Thiopyrylium ion, 4-methyl-2,6-diphenyl-, 
bromination, 60, 134 

Thiopyrylium ion, 2-methyl-4,6-diphenyl-. 
bromination, 60, 134 

Thiopyrylium ion, 4-methyl-2,6-diphenyl-, 
condensation with TCNE, 60, 132 
Thiopyrylium ion, 2-methyl-4,6-diphenyl- 
condensation with TCNE. 60, 132 
condensations with 3,5-diaryl-1,2- 
dithiolylium, 60, 130-1 
Thiopyrylium ion, 4-methyl-2,6-diphenyl-, 
condensations forming mono- and tri- 
methine cyanines. 60, 130-1 
Thiopyrylium ion, 2-methylthio-4,6- 
diphenyl-, reaction with 
thiophenoxide, 60, 149 
Thiopyrylium ion, pentaphenyl-, reduction 
by aluminohydride. 60, 167 
Thiopyrylium ion, 2,4,6-triphenyl- 
charge transfer complexes, electrical 
conductivity, 60, 99 


nitration, 60, 134 
photo-oxidation, 60, 140 
photosensitization by, 60, 169-70 
pseudobase formation, 60, 145 
reactions forming triphenylbenzene 
derivatives, 60, 165-6 
Thiopyrylium-4-phosphonate, 2,6- 
diphenyl-, 60, 157 

Thiosemicarbazide, 4-(2-pyridyl)-, reaction 
with HN02, 56, 112 
2-Thiouracil, synthesis, 55, 134 
Thiourea, N-(benzothiazol-2-y 1)- N',N '- 
dimethyl-, 56, 118 

Thioureas, isoxazol-3-yl-, 1,2,4-oxadiazol- 
3-yl-, rearrangement intermediates, 

56, 72 

Thioxanthenes, octahydro- 
formation, 59, 196, 204 
oxidation to octahydroselenoxanthylium 
salts, 59, 206 

Thioxanthene, octahydro-9-phenyl-, 
electrochemical oxidation, 60, 98 
Thioxanthone 

condensation with 2,6-diphenyl-4//- 
thiopyran-4-phosphonate, 59, 217 
condensation with thiopyran Wittig- 
Homer reagent, 59, 217 
reaction with XeF,, 59, 301 
Thioxanthylium salts, 9-alkyl-octahydro-, 
synthesis, 60, 100 

Thioxanthylium (ion/salts), octahydro- 
from 2-hydroxytricyclo{7.3.1 .tf ’jundecan- 
11-ones, 60, 123 
isonitrosation, 60, 133 
oxidative dimerization of anhydrobase. 
60, 125 

Thioxanthylium ion, octahydro-9-phenyl-, 
one-electron reduction, ESR, 60, 91 
ff-Thioxoacetate esters, generation, 
trapping, 55, 9, 12, 14 
a-Thioxoethanal, synth, cycloaddn to 
dimethylbutadiene, 55, 11 
Three-phase test 
for l-azetin-4-ones, 58, 172, 178 
for 4,5-dihydro-2//-pyrrol-2-one, 58, 

179 

for 2//-imidazot-2-one, 58, 194 
for 3//-pyrazol-3-one, 58, 188 
for 4//-pyrazol-4-one, 58, 194 
for pyrrol-2- and -3-ones, 58, 182 
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Thrombolytic agents, 3-(2- 

morpholino)ethyl-1,2,4-triazino[5,6- 
fejindole, 59, 155 
Thymidine, UV data, 55, 142 
Thymidylate synthase, effect of 5- 
fluorouracil on, 60, 3 
Thymine 

photochemical N-l substitution, 55, 218 
structure, 55, 133 
UV data, 55, 142 

Thymine sugar analog derivatives, 
lithiation, 56, 253 

Thyroid inhibitors, uracil derivs, 55, 132 
Tin heterocycles, uses in synthesis, 60,42, 43 
Tirandamycin, 57, 140, 157 
Toluenesulfonamide, N-( 3- 
isocyanopropyl)-, 56, 272 
Tolylene diisocyanate, as dehydrating 
agent, 60, 265 

Tomography, labels in, tetramic acid 
complexes, 57, 157 
Topological charge stabilisation, aza- 
substitution in pentalene and 
phenalene, 56, 348 

Topological resonance energy (TRE), 56, 
305, 311 

Tosylmethyl isocyanide (tosmic), uses, 

60, 19 
Toxoflavin 
structure, 55, 135 
syntheses, 55, 180 

Toxoflavin 4-oxide, ring opening and 
recyclization with deoxygenation, 59, 
102 

Tranquilizers 

furo(3,4-e]-1,2,4-triazines, 59, 65 
2,4,6,8-tetraazatricyclo[5.2.2.0 2 ' 6 ]undecane- 
3,5,9-triones*, 59, 126 
Transformations, ring, of uracils, 55, 212 
Trapping of thioaldehydes 
by 1,3-dipoles, 55, 7 
by dienes, 55, 7-11 
Trapymin, vasodilator, 57, 127 
Traube purine synthesis, 55, 154 
Traube pyrimidine synthesis, 57, 87 
2a,4,5-Triazabenz[c</]azulenes*, 59, 49 

1,3,4-Triazabicyclo[4.1.OJheptanes, see 
Azirinof 1 ,2-d\[ 1,2,4]triazines 
2,3,7-Triazabicyclo[3.3.0]octa-3,6-diene- 
5,6-dicarboxylic esters, 4,8-diaryl-2- 
methyl-l-methylthio/methoxy-. 59, 43 


1,2,5-Triazabicyclo[4.2.0]octanes, see 
Azeto[ 1,2-fc][l,2,4]triazines 

1.3.4- Triazabicyclo[4.2.0]octanes, see 
Azeto[l ,2-£/][l,2,4]triazines 

1,5,9-Triazacyclododecane, 2-(4- 

imidazolyl)-, Zn complex, acidity, 58, 
135 

2//-2,4,4b-Triazaphenanthrene-l ,3-dioncs, 
55, 192 

9.12.16- Triazasteroid analogues, synthesis, 

57, 179 

13.14.16- Triazasteroid analogues. 58, 204 
1,3,5,2,4,6-Triazatriphosphorin, formation, 

calculations, 56, 394 
Triazenes, intermediates in azo-transfer. 
55, 156 

Triazepines, synthesis from 

bistrifluoromethyl-heterodienes, 59, 18 

1.3.5- Triazepine-4,6-diones, 2- 
dialkylamino-7-methyl-, 55, 197 

Triazete, ISE calculations, 56, 344 

1.2.3- Triazines, halogenation, 58, 321-2 

1.2.3- Triazine, 4,6-dimethyl-, chlorination, 
bromination, 58, 321 

1.2.3- Triazine, 5-fluoro-4,6- 
bisfheptafluoroisopropy 1 )- 

formation, reactions, 59, 21 
photolysis, 59, 25 

1.2.3- Triazines, 5-halo-4,6-dimethyl-, 57, 
339 

1.2.3- Triazine, 4,5,6-trichloro-, -trifluoro-, 

58, 322 

1,2,3-Triazine, trifluoro-, 59, 2, 25 

1,2,3-Triazine, tris-dimethylamino-, 
thermolysis, 56, 356 

1,2,3-Triazine, trislheptafluoroisopropyl)-, 
formation, reactions, 59, 21 

1,2,3-Triazine, tris(heptafluoroisopropyl)-, 
cheletropic 2,2-adduct with 2,3- 
dimethylbutadiene, 59, 21 

1.2.3- Triazine, 2,4,6- 
tris(heptafluoroisopropyl)-5- 
hexafluoroisopropylidene-2,5-dihydro-, 
formation, 59, 21 

1.2.4- Triazines 
halogenation, 58, 322-3 

reaction with 1,5-cyclooctadiene, 57, 44 
reactions with DM AD, 59, 51 

1.2.4- Triazines, condensed (review), 59, 39 

1.2.4- Triazine I-oxide, 3-hydrazino-, 
cyclization with orthoformate, 59, 140 
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1,2,4-Triazine 1- and 2-oxides, 3-azido-, 

59, 152 

1.2.4- Triazine 2-oxide, 3-fluoro-, 58, 322 

1.2.4- Triazines, alkyl-, side-chain 
halogenation, 58, 323 

1.2.4- Triazine, 3-amino-, reaction with 
HCI, 59, 86 

1.2.4- Triazine, 3-amino-5/6-methyl-, 
bromination, 58, 322 

1.2.4- Triazines, 2,5-dihydro-, reaction with 
DMAD, 59, 43 

1.2.4- Triazines, 2,3-dihydro-5,6-diphenyl- 
reaction with DMAD, 59, 115 
reaction with a nitrilimine, 59, 145 

1.2.4- Triazine, 3-hydrazino-, fused systems 
from, 59, 128-9, 140 

1.2.4- Triazines, 1,2,3,6-tetrahydro-, 
synthesis from 2-azabuta-l ,3-dienes, 

57, 55, 57 

1.2.4- Triazine, 3,5,6-trichloro-, -trifluoro-, 

58, 322 

1.2.4- Triazine, trifluoro- 
cycloadditions to cyclopentene, 59, 23 
nucleophilic substitution in, 59, 19 
synthesis, 59, 2 

thermal stability, 59, 25 

1.2.4- Triazine-3,5-dione. bromination. 58, 
322 

1.2.4- Triazine-3,5(2/f,4/f )-diones 
photoaddition of alkenes, 55 , 143 
UV data, 55 , 142 

1.2.4- Triazine-3,5-diones, 6- 
diaminomethylene-. 55 , 232 

1.2.4- Triazine-3,5-diones, 2,4-di-, 2,4,6-tri¬ 
methyl-, photocycloadducts with 
olefins, 59, 44 

1.2.4- Triazin-5-ones, 3-azido-, cyclization 
to/equilibrium with, fused tetrazoles. 

59, 151 

1.2.4- Triazin-5-one, 3-phenyl-6- 
trifluoromethyl-, photocycladdition to 
kelene, 59, 45 

1.2.4- Triazin-5(2flTones, 6-styryl-, -/3- 
keloalkyl-, cyclization with P 4 S ni . 59, 65 

1.2.4- Triazin-5-ones, 3-thioxo-, reaction 
with acetylenedicarboxylic ester, 59, 
117 

1.2.4- Triazin-5-ones, 6-trifluoromethyl-, 

59, 17 

1.2.4- Triazine-6-carboxamide. 1,2-dihydro- 
4-phenyl-, formation, 55, 219 


1.3.5- Triazine, aromaticity estimates/ 
indices, 56, 340, 342 

1.3.5- Triazines, halogenation, 58, 323 

1.3.5- Triazine, trifluoro-, by fluoro- 
dehydroxylation, 57, 303 

1.3.5- Triazines, alkyl-, side-chain 
halogenation. 58, 324 

1.3.5- Triazines, 6-amino-l,2-dihydro-4- 
phenyl-, 57, 63 

1.3.5- Triazines, fluoro-, C- and N- 
substitution into anilines, 59, 20 

1.3.5- Triazine, triamino-, halogenation, 58, 
324 

1,3,5-Triazine, trichloro-, formation, uses, 
58, 323 

1,3,5-Triazine, trifluoro-, 59, 2, 58, 324 

1.3.5- Triazine, trifluoro-, fluoro- 
dehydroxylation of quinolines by, 59, 
294 

1.3.5- Triazines, trisperfluoroalkyl-, 59, 17 

1.3.5- Triazine-2,4-diones, dimers of a- 
phenyliminoisocyanates, 57, 64 

1.3.5- Triazine-2,4-diones, 5,6-dihydro-, 

57, 68 

1.3.5- Triazin-2-ones, 3,4,5,6-tetrahydro-4- 
thioxo-, 57, 68 

1.3.5- Triazinetrione, 1,3,5-trichloro-, 58, 
324 

1.2.4- Triazinium ion, l-ethyl-3- 
morpholino-, addition of 
acetoacetamides, 59, 50 

[ 1,2,4]Triazino[ 1,6-a]benzimidazoles, 59, 
110 

[l,2,4JTriazino[2,3-fl]benzimidazoles. 59, 
106-8 

[1.2.4] Triazino[4,3-a]benzimidazoles. 59, 
108-10 

[1.2.4] Triazino[4,5-«]benzimidazoles, 59, 
110 

[ 1,2,4]Triazino[4,3-f>][ 1,2]benzisothiazole 
6,6-dioxides, 59, 124 

[1.2.4] Triazino-benzothiazoles, 59, 123-4 

[ 1,2,4]Triazino[l' ,6': 1,5]imidazol2,3-a]- 

[1.4]benzodiazepine system, 59, 104 

[1.2.4] Triazino|4,3-ft]indazoles, 59, 84-5 

[1.2.4] Triazino[4,5-ft)indazoles. 59, 85 

[ 1,2,4]Triazino[ 1,6-a]indol-4-ones, 59, 53 

1.2.4- Triazino[l,6-a]indole, 2,4,5- 
trimethyl-, and 1.2-dihydro-, 59, 52 

[1.2.4] Triazino|4,5-a]indole-l,4-diones, 2,3- 
dihydro-, 59, 54 
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[1.2.4] Triazino[4,5-a]indoles, -4-ones and 
-thiones, 59, 53-5 

1.2.4- Triazino[5,6-f>]indoles, -3-ones and 
-thiones, 59, 55-61, 154 

1.2.4- Triazino[6,5-f>]indoles, -3-ones and 
-thiones. 59, 61-2 

1.2.4- Triazino[5,6-fo]indoles, -3-pyrazolyl-, 
bactericidal, 59, 60 

[ 1,2,4]Triazino[3,4-a]isoindole-3,6(2//,4// )- 
dione 4-methyl-, synth, structure, 

59, 63 

1.2.4- Triazino[3,4-a]isoindol-3(4H)-one, 6- 
benzylidene-2,6-dihydro-, 59, 63 

[1.2.4] Triazino[/]purines, 59, 111-3 

[ 1,2,4]T riazino[ 1,6-c]quinazolin-5-ium-1 - 
dates, 6,7-dihydro-, 59, 58 

Triaziridine, and dication, calculations, 56, 
389 

Triaziridines, pyrazolo-fused, 60, 34 

Triazirinide anion, generation, 
calculations, 56, 389 

Triazirinium cation, calculations, 56, 388 

1,2,3-Triazolium salt, l-benzyl-3-methyl-*, 
bromination, 57, 356 

1.2.3- Triazolium salts, l-methoxy-2- 
phenyl-, reaction with fluoride, 57, 357 

1.2.3- Triazoles 
halogenation, 57, 356 
lithiation, 56, 206-7, 210 

1.2.3- Triazole 3-oxides, bromination, 
chlorination, 57, 356 

1.2.3- Triazole 1-oxide, 2-phenyl-, reaction 
with acid chlorides, 57, 357 

1.2.3- Triazoles, 4-acylamino-2-aryl-, 
formation in rearrangements, 56, 
62-66, 85-92 

1.2.3- Triazoles, 4-acyI-2-aryl-, 
arylhydrazones, 56, 95 

1,2,3-Triazoles, l-aryl-5-azido-, 
rearrangement to diazoalkyl 
tetrazoles, 56, 95 

1,2,3-Triazoles, l-aryl-4-(3-(N- 

methylimino)prop-l-enyl)-, 56, 142 

1.2.3- Triazoles, 2-aryI-4-phenacyI-, 
formation in rearrangement, 56, 63, 91 

1.2.3- Triazole, 4-bromo-5-lithio-2- 
methoxymethyl-, 56, 210 

1.2.3- Triazoles, diazonio-, halo- 
dediazoniation, 57, 357 

1.2.3- Triazoles*, fluoro-substituted, from 
azide cycloadditions, 60, 37 


1,2,3-Triazole, 1-iodo-, rearrangement to 4- 
iodo-, 57, 357 

1,2,3-Triazole, 4-lithio-l,5-diphenyl-, 56, 

207 

1.2.3- Triazole, 5-lithiomethyl-l-phenyl-, 

56, 207 

1.2.3- Triazoles, l-perfluoroaryl-4- and 5- 
phenyl-, 60, 31 

1.2.3- Triazoles, 1- and 2-phenyl-, 
halogenation, 57, 356 

1.2.3- Triazole, 2-phenyl-, nitration, 58, 245 

1.2.3- Triazoles, 1-substituted 5-hydroxy-, 
Vilsmeier reaction, 57, 357 

1.2.3- Triazoles, 2-substituted, lithiation, 

56, 210 

1.2.3- Triazole-4-acetic acid, 5-carboxy-2- 
phenyl-, formation in rearrangement, 

56, 65 

1.2.3- Triazole-4-carbaldehydes, 5-chloro-, 

57, 357 

1.2.3- Triazole-4-carboxamides, formation 
from 5-diazouracil, 55, 221 

2H-l,2,3-Triazol-2-ium salts, intermediates 
in rearrangements, 56, 63, 64 

1.2.4- Triazoles 

acidity constants of coordinated species, 
58, 132 

formation from 1-hydrazonoyltetrazoles, 
56, 139 

1.2.4- Triazole, aromaticity estimates/ 
indices, 56, 341 

1.2.4- Triazoles, N-halogenation, 57, 358 

1.2.4- Triazole, 3-acetyl-3-(o- 
methylaminophenyl)-l-phenyl-, 56, 134 

1.2.4- Triazoles, 4-alkyl(aryl)-3,5- 
bistrifluoromethyl-, 60, 26 

1.2.4- Triazoles, 4-amino-3,5- 
bistrifluoromethyl-, 60, 26 

1.2.4- Triazole, 5-amino-1 -methyl-3- 
trifluoromethyl-, 60, 26 

1.2.4- Triazole, 5-aryl-3-azido-, formation in 
rearrangement, 56, 98 

1.2.4- Triazolate betaines, and precursors, 
60, 205, 207 

1.2.4- Triazole, 4-benzy!-3-phenyl-, 
lithiation, 56, 209 

1.2.4- Triazoles, 3,5-diaryl-4-arylamino-, 56, 
141 

1,2,4-Triazoles, 3-diazo- 
condensations with active methylene 
compds, 59, 136 
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cycloadditions with enamines, ketene 
acetals, 59, 138 

1.2.4- Triazole, 3-dichloroacetylamino-, 
formation, 57, 117 

1.2.4- Triazoles, 2,5-dihydro-5,5- 
bistrifluoromethyl-, 60, 15 

1.2.4- Triazole, 3,5-diphenyl-, nitration, 58, 
243 

1,2,4-Triazole, 3-fluoro-, synthesis, 57, 

359 

1.2.4- Triazole, 3-nitro-, reaction with HF, 
57, 359 

1.2.4- Triazoles, phenyl-, nitration, 58, 246 

1.2.4- Triazoles, 5-trifluoromethyl-, 60, 15 

1.2.4- Triazole, 3-trifluoromethyl-5-(3.5- 
bistrifluoromethylphenyl)-, 60, 22 

1.2.4- Triazoles, 3-trifluoromethyl-5- 
trifluoromethylthio-, 60, 25 

1//-1,2,4-Triazoles, lithiation, 56, 208 

4//-1,2,4-Triazoles, lithiation, 56, 209 

1.2.4- T riazole-3-acetamide, 1 -phenyl-, 
formation from 6- 
phenylhydrazinouracil. 55 , 225 

4//-l,2,4-Triazole-3,5-dicarboxylic ester, 4- 
dimethylamino-, formation, 55 , 20 

1.2.4- Triazolium salts, 4-hydrazonoyl-, 
isoheterocyclic rearrangement. 56, 

139 

1.2.4- Triazole-3,5(4//)-dione, formation, 
cycloadditions, 58 , 203 

1.2.4- Triazole-3.5(4//)-dione. 4-phenyl-, 
formation, cycloadditions. 58 , 202 

1.2.4- Triazolidine-1 -acetanilide, 4-aryl-3.5- 
dithioxo-, 56, 136 

1.2.4- Triazoline-3,5-dione. 4-phenyl- 
insertion into uracil 5C-H, 55 , 218 

[l,2,4]Triazolo[3,4-c][l,2,4]benzotriazines, 
59, 141 

1.2.4- Triazolo[4,3-6]indazoIe, 3-acetyl- 

5,9b-dihydro-5-methyl-1 -phenyl-, 56, 
134 

[l,2,3]Triazolo[5,l-n]isoquinolines 
bromination, 59, 297 
lithiation, 56, 212, 213 

1.2.4- Triazolo[3,4-a]isoquinoIine, 
halogenation. lithiation, 59, 316 

1.2.4- Triazol-3-ones*. synthesis from vinyl 
isocyanates, 57, 31 

1.2.4- Triazol-3-ones*\ 5-acylamino-2,4- 
dihydro-, formation by rearrangement, 
56, 73, 92 


[ 1,2,4]Triazolo[ 1,5-/]phenanthridine, 7- 
acyl-, oximes, formation in 
rearrangement, 56, 74 

1.2.4- Triazolo[4,3-6|phthalazine, 
bromination, 59, 325 

[I,2,4]Triazolo[4,3-a]purin-5-ones, 55, 208 

1.2.4- Triazolo[4,3-6]pyridazine, 
bromination, 59, 325 

[ 1,2,3]Triazolo[5, l-n]pyridine, 
halogenation, 59, 317 

[ 1,2,3]Triazolo[ 1,5-n]pyridine. lithiation, 

56, 212 

[1.2.3] Triazolo[l,5-<j]pyridine. 4.5,6,7- 
tetrahydroperfluoro-, 60, 38 

[ 1,2,4]Triazolo[ 1,5-a]pyridine, halogeno- 
derivatives. 59, 317 

[ 1,2,4]Triazolo[ 1,5-n]pyridine. 2- 
trifluoromethyl-, 59, 18, 60, 24 

1.2.4- TriazoIo[4,3-a]pyridine, halogenation, 
59, 316 

[ 1,2,4]Triazolo[4’,3': 1,6)pyrido[2,3-c/]- 
pyrimidine-2,4-diones, 1,3-dimethyl-, 
55, 210 

Triazolo-pyrimidines, methylthio-, C-13 
nmr spectra, 57, 104 

[1.2.3] Triazolo[5,l-n]pyrimidine, 5,7- 
dimethyl-, bromination, 59, 324 

1.2.3- Triazolo[4,5-d]pyrimidines 
halogenation, 59, 324 
synthesis, 55, 156, 160 

1.2.3- Triazolo[4,5-d]pyrimidine, 6-lithio-4- 
(N-methylanilino)-l-phenyl-, 56, 250 

1.2.3- Triazolo[4,5-4]pyrimidine, 4-lithio-l- 
phenyl-. 56, 250 

1.2.3- Triazolo[4,5-4]pyrimidine-5,7-diones, 
synthesis using nitrosodimethylamine, 
55, 182 

1.2.3- Triazolo[4,5-</]pyrimidine-5,7-dione 
I-oxide. 3,4,6-trimethyl-, 55, 176 

1.2.3- Triazolo[4,5-d]pyrimidine-5,7-diones, 
1,4,6-, 2,4,6- and 3,4,6-trimethyl-, 55, 
186 

[ 1,2.4]Triazolo-pyrimidines, halogenation, 
59, 324 

[1.2.4] Triazolo[ 1,5-a]pyrimidines 
N-alkylation, 57, 110 
electrophilic substitution, 57, 113 
glycosylation, 57, 112 
halogenation, 57, 114 
nucleophilic substitution, 57, 119 
pyrimidine ring cleavage, 57, 115 
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quaternization, 57, 110 
reactivity, 57, 109-26 
regioselectivity in syntheses, 57, 87 
review, 57, 81 

ring cleavage reactions, 57, 115 
side-chain reactivity, 57, 125 
spectra, 57, 102-6 
syntheses, 57, 84 
triazole ring cleavage, 57, 118 

[ 1,2,4]Triazolo[ 1,5-u]pyrimidine 1 -oxides, 
ring-chain tautomerism, 57, 108 

[1.2.4] Triazolo[l,5-fl]pyrimidine, 7-alkoxy- 
5-methyl-, migration of alkyl group, 
57, 111 

[ 1,2,4]Triazolo[ 1,5-a]pyrimidines, 3-alkyl- 
2-oxo- mesomeric betaines 
cleavage by DM AD, 57, 119 
formation, 57, 109 

[1.2.4] Triazolo[l,5-a]pyrimidines, 7- 
alkylthio-, nucleophilic substitution, 
57, 120 

[ 1,2,4]Triazolo[ 1,5-alpyrimidines, 2- 
alkylthio- 
oxidation, 57, 123 

Raney nickel desulfurization, 57, 125 

[ 1,2,4]Triazolo[ 1,5-a]pyrimidines, 5,7- 
dioxo- mesomeric betaines, 57, 109, 
114 

[ 1,2,4]Triazolo[l ,5-a]pyrimidines, halo- 
catalytic dehydrogenation, 57, 125 
nucleophilic substitution in, 57, 119 

[1.2.4] Triazolo[l,5-a]pyrimidines, 6-nitro-, 
nucleophilic addition to, 57, 115 

[ 1,2,4]Triazolo[l ,5-«]pyrimidin-5-one, 7- 
amino-, 57, 88 

[ 1,2,4]Triazolo[l ,5-o]pyrimidin-5-one, 7- 
methyl-, 57, 88 

[ 1,2,4]T riazolo[ 1,5-n]pyrimidin-7-ones 
alkaline hydrolysis 116 
oxo group substitution, 57, 120 

[ 1,2,4]Triazolo[ 1,5-a]pyrimidin-7-ones, 6- 
(/3-hydroxyethyl)-5-methyl-, 57, 87 

[1.2.4] Triazolo[l,5-a]pyrimidin-7-one, 5- 
methyl- 

alkylation, 57, 110 
formation, 57, 84 
tautomerism, 57, 107 

[ 1,2,4]Triazolo[ 1,5-a]pyrimidine-7-thiones 
glycosylation, 57, 112 
thione group substitution, 57, 120 


[ 1,2,4]Triazolo[ 1,5-n]pyrimidine-6- 

carbonitriles, 5- and 7-amino-, 57, 87 

[ 1,2,4]Triazolo[ 1,5-o]pyrimidine-6- 
carboxylates, 7-amino-, 57, 86 

[1.2.4] Triazolo[!,5-a]pyrimidine-6- 
carboxylates, 4,5-dihydro-7-methyl-5- 
oxo-, 57, 87, 88 

[ 1,2,4]T riazolo[ 1,5-a]pyrimidine-6- 

carboxylates, 4,7-dihydro-5-methyl-7- 
oxo-, 57, 87 

1,2,4-Triazolo[4,3-a]pyrimidines, formation 
and Dimroth rearrangement, 57, 93-9 

[ 1,2,4]Triazolo[l ,5-c]pyrimidinium salts, 

[ 1,2,4]triazolo[ 1,5-a]pyrimidines from, 
57, 101 

[1.2.4] Triazolo[5,l-fc]quinazolin-9-ones, 57, 
99-100 

[1.2.3] Triazolo[l,5-a]quinolines, lithiation, 
56, 212 

[1.2.4] Triazolo[4,3-4]tetrazole, 6-aryl-, 
rearrangement intermediate, 56, 98 

7//-l,2,4-Triazolo[3,4-fc][l,3,4]thiadiazines, 
56, 138 

[1.2.3] Triazolo[5,l-fc]thiazole, lithiation, 

56, 211 

[1.2.3] Triazolo-[l,2,4]triazines, 59, 125 

[1.2.4] Triazolo[l,2-a][l ,2,4]triazines 59, 

126 

[1.2.4] Triazolo[l,5-fc][l,2,4]triazines, oxo- 
(and dihydro-?) derivatives, 59, 126-7 

[1.2.4] Triazolo[4,3-fc][l,2,4]triazines, 59, 
127-132 

[ 1,2,4]Triazolo[3,4-r][ 1,2,4]triazines, 59, 
140-2 

[ 1,2,4]Triazolo[3,4-c][ 1,2,4]triazine 2- 
oxide, 59, 140 

[1.2.4] Triazolo[5, l-c][ 1,2,4]triazin-4-one, 
methylation, basicity, 59, 137 

[1.2.4] Triazolo[5,l-r][l,2,4)triazines, 59, 
132-40 

[1.2.4] Triazolo[l,5-t/][l,2,4]triazines, 59, 

142- 3 

[1.2.4] Triazolo[4,3-t/][l,2,4]triazines, 59, 

143- 4 

[1.2.4] Triazolo[3,4-/][l,2,4]triazines, 59, 

144- 5 

[l,2,3]Triazolo[2,l-a][l,2,3]triazoles, 
bromination, 59, 285 

Trichloromethylthio groups, conversion 
into trifluoromethylthio, 60, 13 
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Tricyclo[2.2.0 l -’.0 2 ' 4 ]hex-5-ene, see 
Benzvalene 

Tricyclo[7.3.1,0 27 ]undecan-11 -ones, 2- 
hydroxy-, octahydrothioxanthylium 
salts from, 60, 123 

1,2,3-Trienes, reaction as dipolarophile 
components in cycloadditions, 60, 

273, 277 

1.3.5- Trienes, -rj 4 -iron tricarbonyl 
complexes, diastereoselective 
cycloaddition of nitrile oxides, 60, 294 

Trifluoroacetamide, N-methyl-N- 
(pentafluoropropen-2-yl-. valence 
tautomerism and cycloaddition, 60, 31 
Trifluoroacetamidines. uses in heterocyclic 
synthesis, 59, 16 

Trifluoroacethydroximoyl chloride, uses in 
heterocyclic synthesis. 59, 16 
Trifluoroacetimidoyl chloride, uses in 
heterocyclic synthesis, 59, 16 
Trifluoroacetonitrile, uses in heterocyclic 
synthesis, 59, 16 
Trifiuoromethyl groups 
from carbocylic groups using sulfur 
fluorides, 60, 11 
hydrolysis. 60, 4 
Trifiuoromethyl hypofluorite 
fluorination using, 60, 7 
reaction with benzofuran, 59, 249 
Trifiuoromethyl radicals, generation of, 60,10 
Trifluoromethylation 
electrophilic, 60, 13 
free-radical, 60, 9-11 
methods of, 59, 7 
nucleophilic, 60, 12 
Trifluoromethylthio groups 
from CCI,S using SbF 3 , 60, 13 
introduction into aromatics, 59, 19 
Trifluoromethylthiolate anion, generation, 
59, 19 

Trifluoromethylthiolation, of 

heteroaromatics using CF 3 SC1, 60, 13 
Trifluoropyruvic acid hydrate, use in 

trifiuoromethyl heterocyclic synthesis, 
59, 17 

Trigermacyclopropenium ion, calculations, 
56, 412 

1.3.5- trioxin cation, calculations, 56, 385 
Triphosphirenide anion, calculations, 56, 

390 


Triphosphirenium cation, calculations, 56, 
389 

Trisilacyclopropenium ion, calculations, 

56, 412 

Tris(pyrazolyl)borate, 58, 124 
Tristannacyclopropenium ion. calculations. 
56, 412 

1.2.4- Tritellurole, 3,5-dibenzylidene, 58, 50 
1,6,6a-Trithia-3,4-diazapentalenes-6a5 lv , 

2.5- dianilino-, 56, 114 
l,6,6a-Trithia-3,4-diazapentaIenes-6a5 lv , 

2.5- di(arytoxy)-, 56, 113 

1.3.5.2.4- Trithiadiazepine, bromination, 58, 
328 

1.3.5.2.4- Trithiadiazepines, 
trifiuoromethyl-, 59, 12 

1.3,5,2,4.6-Trithiatriazepine, bromination, 
58, 328 

Tropanes, see 8-Azabicyclo[3.2.ljoctanes 
Tryptophan, protected, free-radical 
halogenation of, 59, 258 
Tungsten, complexes with 

selenoformaldehyde, 55, 19 
Tungsten pentacarbonyl, complexes of 3- 
/3-thioxoaIkylidene-1,2-dithioles, 
fluxional structure, 56, 121 
Tungsten tricarbonyl complexes, of 3,5- 
diphenyl-l-alkylthiabenzenes, 59, 206 
Tunicamycin, uracil derivs in, 55, 132 


U 

Ultrasound, effect on cycloadditions, 60, 
273 

Ultraviolet spectra, see Electronic spectra 
Uracils 

bromination, 58, 308 

fluorination by acetyl hypofluorite, 59, 

3, 4 

lithiation, 56, 253 
naturally-occurring, 55, 132 
ozonolysis, 55, 228 
photoreactions, 55, 151 
reaction with nitrile oxides, 60, 298-9 
ring interconversion into hydantoins, 55, 
219, 220, 224 

ring transformations of, 55, 212 
as starting materials in synthesis 
(review), 55, 129 
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superoxide and persulfate oxidation of, 
55, 229 

Uracil 

fluorination, 58, 311 
fluorination by cesium fluoroxysulfate, 
59,4 

occurrence, 55, 130 
photocycloaddition to heptyne, 55, 197 
protonation and deprotonation sites, 55, 
132 

spectral data, 55, 131 
syntheses, 55, 135 
UV data, 55, 142 
Uracil nucleosides 

photochemical replacement of N-l, 55, 
218 

role in biology and pharmacology, 55, 
132 

structures, 55, 135 

Uracil 1-ribosides, fused, synth from 
cyclic enamino-esters, 55, 137 
Uracil sugar analog derivatives, lithiation, 
56, 253 

Uracil 1-arabinofuranosides, pyrimidine 
ring contraction, 55, 220 
Uracil, 6-amino- 1,3-dimethyl- 
alkylation; fused uracils from, 55, 

153-66 

reaction with dimethylphosgeneiminium 
chloride, 55, 208 

Vilsmeier reaction with DMF/POCI 3 , 55, 
163 

Uracil, 6-anilino-5-diazo-, photolysis, 55, 
199 

Uracil, 6-anilino-3-methyl-5-nitroso-, 
photocyclization, 55, 202 
Uracils, l-aryl-5-bromo-6-methyl-, ring 
contractions, 55, 220 
Uracil, 6-azido-l,3-dimethyl-, 

photochemical reactions, 55, 150 
Uracils, 6-benzylidenehydrazino-5-nitro-, 
ring contraction with KOH, 59, 101 
Uracil, 6-(o-biphenylyl)-l ,3-dimethyl-, 
photo-cyclisation, 55, 226 
Uracil, 5-bromo-l,3-dimethyl-, reaction 
with active methylene compounds, 55, 
171 

Uracil, 6-chloro-l,3-dimethyl-5-nitro-, use 
in synthesis, 55, 171 

Uracil, 5-cyano-6-trifluoromethyl-, 59, 16 


Uracil, I,3-dibenzyl-5-dichloromethyI-, 55, 
197 

Uracil. 5,6-dihydro-l,3-dimethyl-5- 
trifluoromethyl-, 59, 16 
Uracil, 1,3-dimethyl- 
cycloaddition to nitrile oxides, 60, 274 
NMR, 55, 140 

photoreaction with 2,5-diaryl-l,3,4- 
oxadiazoles, 55, 195 
synthesis, 55, 136, 140 
Uracil, 5,6-dimethylene tautomers, 55, 232 
Uracil, 5-fluoro-, 59, 16 
Uracils, 6-hydrazino-, synthetic uses, 55, 
176, 206 

Uracil, 6-hydrazino-l,3-dimethyl-, reaction 
with benzoyl peroxide, 55, 206 
Uracil, 5-hydroxy-l,3-dimethyl-, synthetic 
uses, 55, 171 

Uracil, 6-hydroxylamino-(6-hydroxyimino-)- 
1,3-dimethyl-, reactions, 55, 168-9, 

182 

Uracil, 3-(/?-mesyloxyethyl-1 -methyl-, 
rearrangement to imidazolin-2-one 
deriv, 55, 224 

Uracil, 6-phenyl-, nitration, 58, 255 
Uracil, 6-phenylhydrazino-, rearrangement 
to 1,2,4-triazole deriv, 55, 225 
Uracils, 6-amino- 

acylation, carboxamidation, 55, 162 
fused pyrimidines from, 55, 153-66 
synthesis, 55, 137 

Uracils, 6-amino-5-arylazo-, xanthines and 
aza-lumazines from, 55, 169 
Uracils, 5-amino-6-hydrazino-, use in 
synthesis, 55, 177 

Uracils, 5-amino-6-methyl-, synthetic uses, 
55, 189 

Uracils, 6-amino-5-nitroso-, synthetic uses, 
55, 167 

Uracils, 5-arylazo-, synthetic uses, 55, 

169, 174, 189 

Uracils, 6-azido-, synthetic uses, 55, 182 
Uracils, 6-azido-l,3-dimethyl-, photolysis, 
55, 197 

Uracils, 5-benzoyl, synthesis, 55, 192 
Uracils, 6-benzylamino-5-nitro-, 
cyclization, 55, 167 
Uracils, 5-carbamoyl-, Dimroth 
rearrangement, 55, 225 
Uracils, cyano-, see Uracilcarbonitriles 
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Uracils. 5-cyclopropyl-, rearrangement to 
dihydrocyclopenta[<flpyrimidinediones, 
55, 226 

Uracils, 5,6-diamino-, synthetic uses, 55, 
154, 160 

Uracils, 5-diazo- 

photochemical ring contraction, 55, 221 
ring contraction of methanol adduct. 55, 
221 

Uracils. 1.3-dimethyl-, UV data, 
photochemistry, 55, 142 
Uracils, 5- and 6-halo-, photochemical 
arylation, 55, 226 

Uracils, 6-hydrazino-5-nitroso-, reactions, 
55, 180 

Uracils, 6-hydroxyimino-*, synthetic uses, 
55, 182 

Uracils, 6-methyl-, synthetic uses, 55, 187 
Uracils. 5-nitro- 

ring substitution of N-l, 55, 217 
ring transformation with malonamide, 

55, 217 

ring transformation to resorcinols, 55, 

214 

Uracils, 6-phenylhydrazino-, Fischer 
cyclization, 55, 176 
Uracils, 5-thiocarbamoyl-, Dimroth 
rearrangement. 55, 225 
Uracils, 5-ureido-. rearrangement to 
hydantoin derivatives, 55, 224 
Uracil-1,2,4-triazine-3,5-dione, 

intramolecular photocycloadducts, 

59, 44 

Uracil, 6-trifluoromethyl-, chlorination by 
POClj, 59, 22 

Uracil, 1,3,6-trimethyl-5-nitro-, reactions 
of 6-methyl group, 55, 187 
A'-(Uracil-6-y 1 )-carbodiimides, 
cycloaddition to pyridine, 57, 50 
Uracil-5-carbaldehyde, 6-azido-, synthetic 
uses, 55, 182 

Uracil-5-carbaldehydes, 6-chloro-, 
synthetic uses, 55, 190 
Uracil-5-carbaldehyde. 1,3-dibenzyl-, 55, 197 
Uracil-5-carbaldehyde, 1,3-dimethyl- 
condensation of imine with 

dimethyleneuracil tautomer, 55, 232 
ring transformations, 55, 221 
Uracil-5-carbaldehyde, 1,3,6-trimethyl-, 
reactions of 6-methyl group, 55, 187 


U raciI-5-carbonitriles 
Dimroth rearrangements in, 55, 218 
ring substitution of N-l, 55, 217 
Uracil-6-carbonitrile, photocycloaddition 
to diphenylacetylene, 55, 226 
Uracil-5-carbonitrile, 6-chloro-1.3- 
dimethyl-. formation, uses. 55, 190 
Uracil-5-carbonitrile. 1,3-dimethyl-, photo¬ 
additions to cyclopentene, 55, 226 
Uracil-5-carbonitriles, 1.3-dimethyl¬ 
ring transformations forming pyrido[2,3-d]- 
pyrimidine-2,4-diones. 55, 216 
ring transformations to pyrido[2,3-d]- 
pyrimidines, 55, 214 
Uracil-5-carbonitriles, 6-methylthio-. 

synthetic uses, 55, 208 
Uramustine (uracil mustard), structure, 55, 
133 

Urapidil. structure, use, 55, 132, 133 
Ureas, formation of uracils from, 55, 

135-8 

Ureas, IN-cyanoacetyl-, cyclization to 6- 
aminouracils, 55, 137 
Ureas, l,2,4-oxadiazol-3-yl-, 
rearrangement, 56, 73, 92 
Ureas. W-thienyl-, reactions with bromine, 
57, 319 

Uric acid, structure, 55, 134 
Uridine 

structure. 55, 132, 135 
UV data, 55, 142 

Uridine analogs, acylic, 55, 139-40 
UV spectra, of uracil and derivs, 55, 141 


V 

Valence isomers, perfluoroalkyl-, of 
heterocycles, 59, 25 
Van der Waals radii/volumes, of H, F 
atoms, CH 3 , CF 3 groups, 60, 2-3 
Vasodilators, [l,2,4]triazolo[l,5- 
«]pyrimidines, 57, 127 
Vasodilators, coronary, [1,2,4]triazolo- 
[5,l-c][l,2,4]triazines, 59, 137 
Veronal, structure, 55, 133 
Verrucarin E, synthesis, 56, 171 
Vilsmeier reagent 
reaction with 

5-acetyl-6-aminouracil, 55, 165 
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6-amino-5-nitrosouracils, 55, 167 
6-anilinouracils, 55, 203, 206 
barbituric acid, 55, 205 
dihydrazino-uracils, 55, 180 
6-hydrazino-5-nitrosouracils, 55, 180 
l-hydroxyindole-2-carboxylic ester. 

59, 259 

N-(4-methoxybenzylideneamino)- 
pyrrolidine, 59, 46 

synthesis of pentacyclic flavan analogues 
using, 55, 207 

Vilsmeier-Haack conditions, 2- 

methoxypyridine reaction, 58, 277 
Vilsmeier-Haack formylation 
of 1,3-dimethylbarbituric acid, 55, 190 
of [ 1,2,4]triazolo[ 1,5-a]pyrimidin-7-ones, 
57, 114 

Vilsmeier-Haack products, thioaldehydes 
from, 55, 4 

Vilsmeier-Haack reactions 
with 5-hydroxy-1,2,3-triazoles, 57, 357 
of 6-amino-1,3-dimethyluracil, 55, 163, 
205 

in 3-benzylisoquinolinium cyclizations, 
55, 286 

with 2,3-dihydro-4/f-thiopyrones, 59, 

202 

with oxy-thiophenes, 57, 314 
Vinamidinium salts 
formation from 2,3-dihydro-1,4- 
diazepines, 56, 33 

use in dihydrodiazepine synthesis, 56, 
5-7 

Vinamidinium system, presence in 2,3- 
dihydro-l,4-diazepines, 56, 2 
Vinyl ethers, addition/cyclization to allyl- 
aminium cation radicals, 58, 28 
Vinylamines, perfluoro-, 59, 5 
Vinylene carbonate, photocycloadducts 
with uracil, 55, 146 

Viologen, electronic spectrum, 55, 341 
Viral inhibitors, see Antiviral agents 
Vitamin B 2 , structure, 55, 134 
Vitamin D analogs, synthesis via nitrile 
oxides, 60, 298 

w 

Westphal condensations 
in acenaphtho[ 1,2-h]quinolizinium ion 
synthesis, 55, 312, 314 


in lOc-azoniafluoranthene synthesis, 55, 
313 

in benzol cf]phenanthro[9,10-glquino- 
lizinium ion synthesis, 55, 304 
forming benzofa] and 

benzo[c]quinolizinium ions, 55, 284 
using 2,3-dihydroxy-l,4-dioxan, 55, 304, 
313 

of 8-methyl-7W-naphtho[l ,8-ah]quino- 
lizin-8-ium (ion), 55, 304 
in phenanthro[9,IO-6]quinolizinium salt 
synthesis, 55, 300 
in sempervirine synthesis, 55, 319 
Willardine, structure, 55, 133 
Wittig-Horner reagent, thiopyran-derived, 
59, 217 

Wolff-Kishner reduction 
of 3-acyl-pyrroles and -indoles, 56, 124 
of 3-aroylthiophenes, with 
rearrangement, 56, 127 
of 3-benzoyl-2,5-diphenylfuran, 56, 123 


X 

X-ray crystal structures 
acetylfuroxan oximes, 56, 61 
of lOc-azoniafluoranthene (ion), 55, 

320 

1,2-benzisotellurazole, 58, 53 
2,3:6,7-bis(trimethylene)-l,4,5,8- 
tetratellurafulvalene, 58, 82 
2-chloro-5-anisyl-3-phenyl-l ,2- 
oxatelIurole-2-7V lv 58, 63 
jV'A/’- diaryl-iV-(3-arylamino-1,2,4- 
thiadiazol-5-yl)-guanidine 
(aryl = C 6 H 4 Br-p), 56, 106 
[l,4]diazepinium salts, 4,5-dihydro-, 
various, 56, 16 

trnns-2,4-dibenzylidene-l,3-ditelluretane, 
58, 50 

4.4- dibromo-l,4-thiatellurane, 58, 88 

4.4- diiodo-l,4-oxa/thia-telluranes, 58, 88 

2.5- diphenyl-l ,6-dioxa-6aV*- 
tellurapentalene, 58, 63 

/V-(5,5-diphenyl-4-oxothiazol-2-yl)-N'- 
methyl-p-methoxybenzamidine, 56, 
108 

2//-l,3-ditellurole, 58, 77 
of a 2,2'-dithiopyrylio-monomethine, and 
0,0 and O.S congeners, 60, 72 
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of heterocyclic betaines, 60, 233-6 
of isoindolo(l,2,3-r/e]quinolizinium (ion), 
55, 320 

4-methoxy-2,6-dimethylbenzonitrile 
oxide, 60, 266 

N-methyl-N-(3-methyl-l,2,4-thiadiazol-5- 
yl)-acetam 56, 105 
naphthaceno[5 ,6-cd: 11, 12-c'd ']- 
bis[l ,2]ditellurole, 58, 73 
of organo-lithium species, 56, 161 
of 9-phenylbenzo[6}quinolizinium salt, 
55, 320 

2-phenylbenzotellurazole, 58, 59 
3tf-pyrrolo[ 1,2 -d][ 1,41diazepine, 4,5- 
dihydro-1,8-diphenyl-. 56, 16 
pyrrolo[2'. 1' :4,3]pyrazino[2,1 -b}- 
quinazoline-5(6tf ).8-dione, 
l,2,3,I3b-tetrahydro-, 57, 257 
of a 4-pyrylio-4-telluropyrylio- 
monomethine, 60, 72 
silabenzene, 1,2-dihydro-l, 1-dimethyl-, 
Li (2-crown-4) complexed salt, 56, 
405 

6,7,14,15-tetrahydro-[ 1,5 Jdiazocinof 1,2- 
a:5,6-a')dibenzimidazo le, 60, 246 
6a-thia-1,3,4,6-tetraazapentalene, 1,6- 
dimethy!-2,5-diphenyl-, 56, 113 
of thiopyrans, oxides and dioxides, 59, 
228 

of 2,4,6-triarylthiopyrylium ions, 60, 72 
[l,2,4]triazolo[l,5-a]pyrimidines, 57, 102 
2,2,2-tribromo-3.5-dipheny!-l,2- 
oxatellurole-2-7V vl 58, 63 
uracil, 55, 130 

X-ray photoelectron spectra (XPS) 
of pyrylium and thiopyrylium ions, 

60, 92 

of telluropyrans and telluropyrones. 

60, 92 

of telluropyrylium ions, 60, 92 
Xanthenes, 9-aryl-l ,2,3,4,5,6,7,8- 
octahydro-, conversion into 
octahydro-thioxanthenes and 
-selenoxanthenes, 59, 204 
8//-Xanthine 7-oxides, 8,8-disubstituted, 
55, 167 
Xanthines 

naturally-occurring, 55, 134 
synth from 6-benzylaminouracils, 55, 

155 

Xanthines, 8-aryl-, 55, 167, 169 


Xanthines, 8-arylamino-, 55, 169 
Xanthines, 8-arylaminomethyl-, 55, 171 
Xanthines, 8-dialkylamino-, 55, 167 
Xanthine, 7,8-diamino-1,3-dimethyl-, 
condensation with dicarbonyl 
compounds, 59, 111 

Xanthines, 7-hydroxy-, syntheses, 55, 167 
Xanthines, 8-phenyl-, 55, 174 
Xanthine oxidase inhibitors, pyrazolo[l,2- 
a)( 1,2,4]benzotriazin-1 (2//),3-diones, 
59, 67 

Xanthylium ion, 9-phenyl-, nitration, 58, 
252 

Xantricin, ring opening and recyclization, 
59, 102 

Xenon difluoride 
fluorination of 
coumarins, 59, 4 
pyridine, 58, 292 
reaction with 

dibenzothiophene, 59, 254 
thioxanthone, 59, 301 
trifluoroacetic acid, 60, 10 
Xenon hexafluoride, fluoro-debromination 
of tribromoimidazole by, 57, 355 
Xenon(II) pentafluoropyridine complex, 
59, 22 

Xylose, 1-nitromethyl-, tri-O-acetate, 
nitrile oxide from, 60, 265 


Y 

Yeast, baker's 

catalysis of cycloadditions by, 60, 273, 
294 

reduction of 5-acetyl-4,5- 

dihydroisoxazole by, 60, 294-5 
Ylids, cyclic 

oxazole-derived azomethine ylid, 60, 31 
pyrazole-derived azimines, 60, 34 
pyrazole-derived azomethine imine. 

60, 32 

Ylids, phosphorus 
selenoaldehydes from, 55, 18 
telluraldehydes from, 55, 19 
see also Phosphinimines, Phosphoranes 
Ylids, pyrazolidinone azomethine -, 
trapping by a-thionoacetic ester, 

55, 12 
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Ylids, sulfoxonium, cyclopropanation of 
uracils by, 55, 196 
Ylids, sulfur 

base fragmentation, 55, 7 
reaction with triphenylthiopyrylium ion, 
60, 166 

selenoaldehydes from, 55, 17 
Ynamines 
cycloadditions to 

arylcarbodiimides, arylketenimines, 
57, 52 

3-diazopyrazole,.59, 70 
vinyl isocyanates, isothiocyanates, 57, 
49, 52 

reactions with 1,2-dithiole derivatives, 
56, 122 

Yukawa-Tsuno plots, 3-benzoyl-1,2,4- 
oxadiazole arylhydrazone-4-acyl- 
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amino-2//-l ,2,3-triazole 
rearrangement, 56, 86 

z 

Zeolites, isomerization of halo-thiophenes 
by, 57, 314 

Zidovudine, structure, use, 55, 132, 135 

Ziegler-Zeisser reactions, 

perfluoroalkylations of heterocycles, 
59, 9 

Zinc reagents, use in cross-coupling, 56, 
277-8 

Zinc sulfide, use in thiopyran synthesis, 
59, 181 

Zirconium heterocycles, formation and 
use, 57, 6 

Zygosporin E, synth, 55, 12 



